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The Most Powerful and Efficient Centrifugal 
for Drying Chemicals! 


“Hercules— Weston” 
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Driven Balancing Discharge 
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The Spirit 
Of the West 


N SPITE of much of the unimpressive “boosting” 

that is indulged in by the estimable inhabitants of 
the cities on our Pacific Coast, a visitor among them is 
constrained to admire the ingenuity, resourcefulness 
and energy displayed in their industrial and commercial 
life. One may not be deeply moved by stories of the 
rising values of real estate, but he cannot escape the 
conviction that potential wealth in water power and raw 
material exists in greater concentration in that western 
empire than in any other part of the country. Handi- 
capped though it may be now by sparsely settled areas, 
light local demand for its own wonderful resources and 
immense distances from present domestic markets, this 
region is nevertheless the one toward which industry 
and commerce in the United States must ultimately 
grow. 

And not to meet domestic needs alone, but to supply 
foreign markets as well; for despite the fact that the 
people cf the United States have, or had before the war, 
little or no international sense and vision, dwellers on 
the Pacific Coast have a lively sense of international 
trade and world business. Looking east they face their 
own country, but to the west is another world teeming 
with potential consumers of the products of our 
civilization, and prolific in natural and artificial com- 
modities that will find a ready market here. Like the 
Atlantic Coast of our country, the Pacific has a double 
outlook and is just beginning to develop its possibili- 
ties. 

Its industry is growing impressively. Climate and 
cheap hydro-electric power developed by the munici- 
pality are responsible for the recent location of an 
immense rubber factory in Los Angeles. Harbor and 
shipping facilities are making of San Francisco the 
great port of the Pacific Coast. Portland, though an 
inland city, is developing an export and import trade; 
while the two cities on Puget Sound, Seattle and 
Tacoma, are centers of world-wide trade in edible oils 
and copper. Notable is the fact that fixation of nitrogen 
by the are process is practiced only in our great North- 
west, where water power is cheapest, and electric smelt- 


ing of iron ores is giving promise of developing there 


into a stable industry. 

In short, engineering and technical developments are 
the substantial things that impress the visitor, even 
though they are not most often “boosted.” But even 
the “boosting” can be condoned on the score that it 
creates and supports a spirit of civic loyalty too often 
lacking in Eastern, communities, and is in some degree 
expressive of that Western hospitality that is as large 
as the great out-of-doors and which does not find its 
counterpart elsewhere in the country. 


President Signs 
Water-Power Bill 
NNOUNCEMENT was made at the White House 
on the 18th inst, that the President had signed the 
water-power bill on the 11th, within ten days from the 
time it was delivered to him. The provisions of the bill, 
outlined elsewhere in this issue, are accordingly the law 
of the land. In spite of the fact that it was necessary 
to support the legality of the President’s act by a techni- 
cal interpretation of the Constitution by the Attorney- 
General, it is not believed that this will have any effect 
in delaying actual development of water power. Money 
is now the most necessary item. Had Secretary PAYNE 
been less solicitous regarding possible damage to our 
national parks through water-power development, the 
delay need not have occurred and the bill could have been 
signed before Congress adjourned. Mr. PAYNE'S re- 
ported anxiety regarding the parks was unimpressive 
and his eleventh-hour conversion unconvincing. One 
could have wished that Mr. LANE were still Secretary of 
the Interior. No one had a higher appreciation of our 
national parks than he; but that did not warp his judg- 
ment of the value of water-power development. 


Developments in 
Flotation Litigation 

~LSEWHERE in this issue we publish two items 

4 relative to the litigation between Minerals Separa- 
tion, Ltd., and the Miami Copper Co. One relates to a 
motion by the defendant in the United States District 
Court at Wilmington to dismiss the petition of the plain- 
tiff seeking to punish the defendant for contempt of 
court. The other announces the order of the United 
States Circuit Court of Appeals, Philadelphia, refusing 
to grant the Miami company’s petition to reopen the 
case to admit newly discovered evidence. 

It is a mere coincidence that these two items appear 
in the same issue, as they are not directly connected 
with each other. There is, however, a certain relation, 
since the Circuit Court of Appeals virtually remands 
the subject matter of the Miami petition to the account- 
ing proceedings before the Master, whereas the petition 
of Minerals Separation, Ltd., seeks to remove questions 
at issue from the accounting. 

Unfortunately the original decision of the Circuit 
Court of Appeals in the Miami case stops short of what 
is, for the general mining public, the important ques- 
tion, namely, whether the use of the pneumatic cell it- 
self is, or is not, an infringement of patents. The re- 
opening of the case would have permitted a more prompt 
adjudication of the question in its broadest sense. How- 
ever, in the last analysis the determination of this point 
by the Master will have the same effect, as it will then 
come by appeal before the same court. 
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Where Are 
The Chemists? 

YURPRISE expressed by one delegate to the 
etnies the Federated American 
Engineering Societies that the chemists were not more 
largely represented on the floor. Invitations were sent 
to a long list of engineering and allied technical associa- 
tions, and yet the American Chemical Society—the most 
numerous body of chemists, more or less technical—did 
not send deputies. However, the matter was briefly dis- 
missed by the statement that chemists are not engineers. 

Holding the opinion that the Chemical Society should 
have been represented, it is not so easy to excuse ab- 
that Risking the chance of tedium, 
a few thoughts on the relationships of the numerous 
engineers served by CHEMICAL & METALLURGICAL EN- 
GINEERING will be advanced. 

“Engineering” has been defined by enthusiasts to be 
as all-embracing as the official statement of scope of the 
Bureau of Standards: “The establishment of standards 
of measurements, constants, quality, performance and 
practice’! A like blanket definition is that which re- 
gards engineering as “the art of organizing and direct- 
ing men and of controlling the forces and materials of 
nature for the benefit of the human race.” Evidently a 
and a both included—the wide 
reaches of engineering includes Generals GORGAS and 
GOETHALS! 

Obviously a 


Was 


conference of 


sence 1n manner, 


sailor surveyor are 


more restricted meaning corresponds 
with usage, despite the enthusiasts. An engineer is 
rather an applied physicist, he who understands the 
heat, electricity, light, sound, dynamics and 
statics and can make them useful to man in structures 
and machines. In this way the sailor and General 
GORGAS—indispensable though they be—are evidently 
and properly not classified with the surveyor and Gen- 
eral GOETHALS. 

Now, is a chemist, “versed in the science of the 
composition of substances and their transformations,” 
an engineer in this sense? If the chemist 
tist—one intimate with the systematic knowledge of his 
subject—he not called an engineer, and 
rightly so; and it would be no less than a calamity to 
revise educational methods so that nearly all the stu- 
dents would graduate chemical engineers, to the exclu- 
chemists. On the other hand, if he is more 
the artist—one whose knowledge is made efficient and 
useful to his neighbors by skill—then he would be wel- 
into their fraternity by all Dr. 
STIEGLITZ, evidently, is a chemist primarily, and in no 
Dr. LITTLE, on the 
other hand, is an engineer primarily, even though well 
he is skilled in the art and science 
matter are made useful to 


laws of 


is a scien- 


evidently is 


sion of 


comed engineers. 


sense an engineer; he is a scientist. 


versed in chemistry 
by which the properties of 


man through structures and machines. “Properties of 


ter’ is evidently a broad term—so is engineering a 


fession. Both are subdivided by using quali- 


ad pr 
ng edjectives—an electrical engineer applies electri- 
properties of matter to useful ends, a chemical en- 
gineer applies chemical properties of matter to useful 
chemical 


pt al properties of metals to useful ends. 


ends, a metallurgical engineer applies and 


No apologs needed, then, to most of our readers 
or devoting much space to the Federated American 
Engineering Societies, whose object is to further the 
interests of the public through the use of technical 
knowledge and engineering experience as applied to po- 
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litical economy, and to consider and act upon matters 
common to the engineering and allied technical profes- 
sions. It seems most fit that engineers—a group of 
educated men distinguished from scientists principally 
because the engineer applies science for human benefit— 
it seems most fit that they should organize to further, 
collectively, the interests of the public. 

By the same token, it seems incongruous that the 
American Chemical Society should lag behind the lead of 
the American Electrochemical Society and the American 
Institute of Chemical Engineers in its interest in the 
Federation. It is true that a large proportion of its 
members is interested in chemical research, chemical 
theory, or chemical activities very distantly related to 
industry—but so are numbers of men in the smaller 
Electrochemical Society. On the other hand, both as- 
sociations have many members who are distinctly en- 
gineers, and many more members whose work—even 
though it be of the humblest routine variety—is inti- 
mately connected with industrial and engineering enter- 
prise. Does not the American Chemical Society publish 
a Journal of Industrial and Engineering Chemistry? 
Evidently the interest in the society is quite 
strong to warrant a publication entirely separate from 
its scientific annals. Then why do they not act like 
engineeers and electrochemists? The work ahead is 
big enough so that there is room for all engineers and 
allied and associated spirits, and hard enough to need 
all possible shoulders to the wheel. If the American 
Chemical Society desires to function in public affairs— 
and we know it has been urging individual chemists 
to do so—then why has it not embraced this opportunity 
to join in the creation of a body for that very purpose? 


Synthesis and Analysis 

Of Engineering Formule 

F RECENT years the mathematical laboratory has 

come to be as thriving a workshop as any other 
place set apart for scientific investigations. As long 
as bridges and great structures have been designed, 
the study of lines of force, as theoretically developed 
in the science of statics and dynamics, has been of 
fundamental importance. Engineering of every kind 
has been dependent on the mathematical development 
of the pure science with which it was concerned. In 
a way, next to being able to apply known formule in 
an intelligent manner, the greatest asset of an engineer 
is to be able to synthesize new ones himself or re- 
verse the operation and analyze any that may be pre- 
sented to him by others. 

In this issue we have a mathematical development 
that should have an important bearing in a number 
of directions in technology. It will have to be further 
developed before it will give the distillation engineer 
a full set of implements for the solution of his prob- 
lems, but as it now stands it fills a very large gap 
that has prevented any considerable progress in the 
direction of applying mathematics to the considera- 
tion af saturated vapors. It may now be expected 
that the lesser devious ways of partial pressures and 
Raoult’s law may be put on a practical mathematical 
basis, and give the much-needed formule for the cal- 
culation of distillation problems. 

In connection with the formule developed by Mr. 
WILLIAMSON and the method given at the conclusion 
of the article for facilitating calculations, it should 


be mentioned that this vear is the three hundredth 
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anniversary of the logarithm scale, which was invented 
by GUNTER, an engineer, only six years after NAPIER 
had conceived the idea of logarithms. Many years 
passed before the slide rule was brought out and still 
many more before the alignment chart was developed 
to give a convenient means of using GUNTER’S log 
scale. GUNTER used a draftman’s compass. In all 
probability there is as much opportunity today for 
us to improve on the application of this scale as there 
was in GUNTER’S time. It is hoped that every reader 
has at least a small corner in his mind for his mathe- 
matical laboratory and that he does not neglect to use 
it in the study of either pure or applied science. 


Organized Labor 

And the Public 

EFORE President WILSON’s first Industrial Confer- 

ence last October, it was remarked in some quarters 
that organized labor was on the defensive, and would 
have to occupy that attitude at the coming conference. 
No such attitude was taken, however, by Mr. GOMPERS 
and his associates and the conference broke up. 

A good bit of water has passed the mill since that 
time. The public has been taking more and more inter- 
est in the subject of organized workers and unorganized 
workers and is rapidly coming to recognize its numerical 
superiority. Mr. GOMPERS has helped the public to an 
appreciation of the situation and of his own position in 
many ways, and particularly so by his delayed attempt 
to answer Governor ALLEN’S question whether in an in- 
dustrial dispute the public has no rights. Mr. GOMPERS 
had to take time to reflect and after he had taken the 
time—we do not answer for the reflection—he said a 
number of things not precisely to the point. One that 
is readily recalled was in substance that every worker 
must get at least $2,500 a year first. 

The obvious rejoinder to Mr. GOMPERS’ denial of the 
public having any rights in an industrial dispute is to 
inquire how it would be if the shoe were on the other 
foot—if it were a case of a lockout instead of a strike. 
Mr. GOMPERS should reflect that the ins sometimes be- 
come the outs. The public certainly would not stand for 
an unreasonable lockout, nor is there any prospect of 
any large employer at any time undertaking an unrea- 
sonable lockout. One wonders—or rather one does not 
need to wonder—what the attitude of the people would 
be if a large trolley company were to discontinue its 
service for a while in order to induce its employees to 
work for lower wages. 

There is likely to be a new reaction in the public 
mind. The doctrine has been preached everywhere that 
the “vicious circle” of advancing wages and advancing 
cost of living, turn about, will get us nowhere. The 
public has not yet reflected sufficiently upon the propor- 
tions of the totalsynumber of workers that are, respec- 
tively, organized and unorganized. The proportions are 
approximately 10 per cent and 90 per cent, and for the 
substantial accuracy of these figures ample proof can be 
furnished by intelligent interpretation of the last cen- 
sus report showing those engaged in gainful occupa- 
tions, with allowance for increase in population mean- 
while, and the number, not of union workmen, but of 
the membership claimed by the labor unions. 

There will be an important mental reaction when the 
public comes more fully to consider the proportion of 
ne organized worker out of every ten, and the dictum 
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that has been preached that there is a vicious circle. 
The alleged vicious circle would get us nowhere, but if 
one-tenth of the population attempts to better itself at 
the expense of the ten-tenths, being willing to pay its 
one-tenth of the tax by virtue of the nine-tenths it es- 
capes, then there is another case altogether. 

The public is also coming to a clearer realization of 
the psychology of the labor unions, that in order to keep 
things going the leaders must be continually promising 
the rank and file additional things. There is no stop- 
ping. The leaders cannot thrive on past accomplish- 
ments, but must continually suggest new goals to be 
reached. In other words, the union leaders can never 
get things fixed up satisfactorily, and when the public 
realizes, as perhaps it will, that this is the situation, 
it is likely to exclaim “What’s the use!” Such a reac- 
tion, also, would greatly help in putting things where 
they belong. 


Horse Thieves 
Among Chemists 
N THE chemical profession as elsewhere there are 
unfortunately a few unethical persons who take ad- 


- vantage of the general high standing of the collective 


body for personal aggrandizement or dishonest financial 
gain. From very early times it has been the desire of 
scientific men to force such members without the pale. 

It is related in the biographical writings of Sir 
HENRY ROSCOE, as told recently at the Chicago Chemists’ 
Club, that a certain chemist working in a research 
laboratory obtained exact results as to the atomic weight 
of the metal under consideration. Sodium, for instance, 
showed an exact weight of 23. The chief, becoming 
suspicious, gave him for test a mixture of potassium 
and sodium, telling him it was sodium. The atomic 
weight was still proved to be 23. Whereupon this 
chemist was discharged and, affiliated with the Baptist 
church, became acquainted with the pastor’s servant. 
One Sunday when she was alone in the house, he bound 
and gagged her, lifted the family piate and fled to 
America. He was pursued by the authorities, who lo- 
cated him in the West, but alas, too late, as he had 
just been hanged for stealing horses. 

The procedure is applicable in these times. If the 
professional career of technical immoralists and pirates 
is not brought to an end through slow workings of the 
social laws, a little “Western justice” administered by 
political action in technical societies will not come amiss. 


How Consulting 
Chemists Secure Clientele 
MANUFACTURING chemist once asked, 
these consulting chemists get business?” 
In Chicago there lives a genial chap, gray with years, 
young in mind, who prospers because he is loved by 
all who know him. Aside from being a chemist he is 
a soul of large understanding, a man among men. He 
lives in his work and delights in the association of those 
who come within his ken. He is ever ready to assist 
the younger ones in the pursuit of paths chemical. He's 
a regular fellow in his own quiet He follows 
ideals, not dollars. It is a privilege to enter his office. 
So business just comes into his office, for men trust 
him. The answer is just there—the human touch by a1 
honest hand is the best business getter. 


“How do 


way. 
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Effect of Insulation on Resistor Temperatures 
To the Editor of Chemical & Metallurgical Engineering 

Sirk:—On page 661 of your issue of April 7, you 
presented an abstract of an article by W. A. Gatward 
on Nickel-Chromium Alloys. Referring to wire heat- 
ing-elements of electric furnaces, the abstract says: 

“Experience shows that the presence of a cold body 


near a certain part of a heating element causes that 
portion to advance slightly in temperature. If the 
wire possesses too large a coefficient (temperature 


coefficient of resistance), this will cause that portion 
to become increasingly hotter until it melts.” 

The presence of a cold body near a certain part 
heating element can only cool that part, and 
there is not in such instance any paradox. 

However, sudden cooling of a sufficiently large part 
of the heater will frequently allow the heating current 
to increase to a value which will burn out another 
part of the heater. I have often observed this, and 
the reason for such an occurrence is clear. Of course 
it can happen only if the element has a positive tem- 
perature coefficient of resistance. 

A close reading of Mr. Gatward’s paper makes it 
clear that what he had in mind is the local action 
of a heat insulator, for the presence of an insulating 
body near a portion of the heater will at times cause 
the part to burn out—and the insulator may be at 
first a cold body. That he was not strictly quoted 
may be inferred from the following verbatim extract 
from his paper: 

“The development of hot spots is very much affected 
by the temperature coefficient. Another effect of high 
temperature coefficient is as follows: Imagine a heat- 
ing unit wound around a muffle as generally used in 
electric laboratory furnaces. The heating unit is a 
continuous piece of wire. Suppose that the furnace 
is operating at 1,800 deg. F. and we place on the 
floor a fireclay brick. The fireclay brick immediately 
banks up the flow of heat and the temperature of 
the wire under the brick rises. This is not a theory 
but a fact, and the rise is very serious. As the wire 
under the brick gets hotter its resistance increases. 
Since the current is the same in all parts of the heating 
coil, the heat developed, /’*R, will be greater on the 
floor than on the sides and top. Of course this phenom- 
enon is cumulative and is the actual cause of many 
burn-outs in industrial devices. The higher the tem- 
perature coefficient the more serious this will be.” 

Mr. Gatward would possibly have been more clear if 
he had said that by placing a firebrick (or other heat 
insulator) near the heater, local heating occurs. In 
this way the editor would not have substituted “cold 
body” for Mr. Gatward’s “fireclay brick.” It is not 
that the brick is cold but that it will not conduct 
heat very rapidly which is the essential quality. 

I had thought that some of your readers would 
be misled by your abstract which states that “presence 
of a cold body causes advance in 
temperature,” 


fa 


and have commented on this point be- 


cause the statement is closely related to the requisites 
for good furnace construction. One of these is that 
great care must be taken in applying insulation uni- 
formly, especially when the furnace is to be operated 


at highest safe temperatures. C. O. FAIRCHILD. 
Washington, D. C. 





A Rapid Method for the Analysis of Monel Metal 


To the Editor of Chemical & Metallurgical Engineering 


Sir:—May I make a further suggestion on Mr. Co- 
vitz’s article which appeared in vour magazine, issue 
of Jan. 7, 1920, p. 31, in regard to the “Rapid Method 
for the Analysis of Monel Metal’? 

In determining the nickel contents, he suggests the 
usual precipitation with dimethylglyoxime, which in 
my estimation and experience is a slow process of filter- 
ing the resultant precipitate, besides the reagent being 
an expensive one at the present time. 

For the copper content, I piate out my copper from 
the silicon filtrate by Mr. Covitz’s plan. Another 
weighed sample is dissolved in nitric acid and then 
driven off with concentrated sulvhuric acid, using 10 c.c. 
Take up with water and heat if necessary to get into 
solution, cool, then neutralize with ammonium hydrox- 


ide. Add about 40 c.c. in excess, also introduce 5 g. of 
ammonium sulphate. Have bulk of solution about 200 
c.c. Connect up to the plating apparatus and proceed 


to plate out the copper plus the nickel, using three 
amperes and a revolving cathode whereby one obtains 
all the copper deposit first, then the nickel, without any 
interruption whatsoever. The cperation of electrolysis 
usually consumes about one hour. 

Strange as it may seem, the nickel does not start to 
plate until all the copper has been deposited. The com- 
bined weights of nickel and copper minus the weight 
of the copper deposit obtained from the silicon filtrate 
will, of course, give the nickel content. 

The writer has taken copper and nickel salts, also 
samples of various nickel and copper percentages, and 
has obtained excellent results by following the scheme 
as outlined. 

If the sample contains cobalt, a correction must then 
be made, although the writer has never encountered it 


in monel metal. PAUL W. C. STAUSSER. 
Detroit, Mich. 





Prosperity of Belgian Artificial Silk Industry 


Some Belgian artificial silk works are enjoying pros- 
perity despite the fact that they were victims of 
the German invasion. Thus the Obourg Artificial 
Silk Co. reports a profit of 2,142,757 francs for four 
months’ operation in 1919. Work was resumed after 
ten months’ work of restoration, only half the com- 
pany’s installation having been put into service. The 
other part has been restored and will be in operatior 
soon if supplies of raw material are not lacking. The 
war damage to the company’s property is estimated 
at 2.500.000 francs, 1914 value. 
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FIG. 1. 


Showing experimental plots of large numbers of common crops for determining effects of SO, under varying conditions of 


temperature, relative humidity and stage of growth. 


During seasons of 1915, 





A. S. & R. CO."S EXPERIMENTAL FARM 


light, 
used 


1916 and 1917 more than 3,500 plots were 


Each plot contains 25 sq.ft. and the space allowed for each plant of the various crops is such as should obtain under normal field 
conditions as determined by good farm practice. 

















Smoke Litigation in Salt Lake Valley 





Notes on the Effects of Smoke Suits and Recent Crop Investigations on Smelting Operations in 
That Vicinity, the Improvements Made at Murray to Mitigate Nuisances, and the 
Court’s Remarks on the Difficulty of Distinguishing SO, Injury 


By ERNEST E. THUM 





NOTHER chapter in the smoke litigaticn involving 
smelters operating in the Salt Lake Valley, Utah, 
was brought to a close on Feb. 21, 1920, when 

Federal Judge T. D. Johnson signed an interlocutory 
decree permitting, under certain conditions, the con- 
tinuance of operation of the American Smelting & 
Refining Co.’s works at Murray and the United States 
Smelting Co.’s works at Midvale. 

In order properly to appreciate the condition sur- 
rounding this decree, it is well to turn back fourteen 
years or more. At that time Salt Lake City was 
spoken of as the largest smelting center in the United 
States, with no less than sever different plants, having 
a combined capacity in lead and copper ores of $8,000 
tons of lead and copper ores daily. These seven were 
doing the work which a long line of foregoing operators 
had conducted thereabouts in small smelters since the 
beginnings of mining in Utah. An enumeration of the 
plants operating in 1906 follows: 


Capacity, 

Daily 

Name of Plant Kind of Smelter Tons 
Murray, A. S. & R. Co... .cscccktad 2... ce cceeeee . 1,500 
Garfield, A. S. & R. Co......- ala Se git anaes tare 1,250 
ec re lh Nl hacia ek ad | ee eee 1,000 
Midvale, U. 8S. S. R. & M. Co...Copper and lead........ 2,500 
PE ese i046-00 seenennnducwal Copper . ; 500 
2 2. sccenexseuuwes So ee a tir aera 1.000 
oe Pee eee Eh Gabw ate uk os ee ee 250 


Before 1906, however, all of these plants, without 
exception, were operating with little or no regard for 
the recovery of fume and dust. None of them except 
the newly built Garfield smelter had an organized flue 
and stack system; each relied upon small individual 
chimneys located close to each furnace or department. 

In the light of our present information about smoke 
and fume it is not surprising that under such circum- 
stances quite severe damage was done throughout a 
considerable area surrounding each of the smelters. 


Consequently, upon suit of 409 farmers, Federal Judge 
John A. Marshall, on Nov. 5, 1906, enjoined certain of 
these smelters from continuing the smelting of ores con- 
taining more than 10 per cent of sulphur, except after 
installing satisfactory means for neutralizing the 
obnoxious fumes resulting therefrom. Pending an 
appeal on this suit, the smelters continued operating. 

However, the Murray plant of the American Smelting 
& Refining Co. immediately erected a large baghouse 
(first operated in July, 1907) for eliminating solid 
particles from the gas. This was in line with the con- 
tention made by some of the smelting companies that 
the damage was largely due to compounds of sulphur 
and arsenic which condensed on particles of soot or other 
solid matter and settled with them to the ground. 
Naturally, then, if soot and solidified vapors could be 
filtered out of the smoke, little cause for damage would 
remain. After making the proper financial settlements 
with the complaining farmers, the American Smelting 
& Refining Co. was, therefore, freed from the litigation 
and was allowed to operate nine or ten lead blast fur- 
naces. In its operations it was also allowed to roast 
ores containing 25 per cent of sulphur and to smelt ores 
containing more than 10 per cent, if the average of the 
furnace charge was no more than 10 per cent sulphur 
and if, in addition, all furnace gases were baghoused, 
removing lead, arsenic and other solids. The company 
also agreed to construct an extensive dust chamber at 
the roaster department to cool the gases from those 
operations so as to precipitate all the condensable vapors 
possible. 

The same company’s plant at Garfield was situated 
between the Great Salt Lake and Oquirrh Mountains 
in such a way that the smoke was not carried over 
farming lands by the prevailing winds. However, in 
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order to be doubly 


safe, the company purchased about 
35,000 acres of ground along the lake shore to insure 
against future smoke litigation by the owners. 

The United States Smelting Co., however, was not so 
uccessful in its negotiations with the farmers and 
when, on Jan. 11, 1908, the Federal court’s injunction 
Within a 
however, the company petitioned the 
court for the right to reopen, claiming that its newly 
perfected Sprague process of introducing zinc oxide into 
the smoke would remove all cause for crop injury. At 
the same time the zinc would neutralize sulphuric acid, 
forming with it a solid which would be caught by the 


was sustained under appeal, its plant closed. 
iple of months, 


hag This would improve the quality of the issuing 
gases as well as prevent rapid deterioration of the bags 
themselves. On April 5, therefore, the Federal Judge 
pended the injunction and allowed the Midvale plant 
operate its lead furnaces, treating 25 per cent sulphur 
ore up to one-third of its capacitv. However, it was 
pulated that the plant must a!'so remove all solids 
rror I roaster and blast-furnace gases, discharging 


through a single smokestack free of lead, 


<a and antimony compounds and all traces 
iphur trioxide At the 


le must be no 


same time its percentage 
than 0.75 per 


such circumstances the plant was allowed 


greater 


three vears in order to demonstrate the efficiency 
avghousing in conjunction with the Sprague process. 
\ matter of collateral interest the fate of the other 

} I that region is more or less interesting. The 
Bi ! coppel melter was abandoned in Dex ember, 
1907 For some time there were rumors that a more 


would he 


wien! plant 


built and placed upon the south 


hore of the Great Salt Lake, but these plans did not 


MANY PLANTS DISMANTLED 
() the other hand, there were several meetings 
hetween representatives of the farmers and the owners 


the Highland Boy plant, in which an agreement was 


ought. It was reported at the time that the farmers 
demanded a bonus of $175,000 before they would agree 
to an modification of the injunction against that 
melter, while the company said that $100,000 plus 


actual damages was its limit. On account of this dead- 


lock, a satisfactory arrangement was made with the 
International Smelting Co. for ore treatment at a new 
plant, then under contemplation. The Highland Boy 

elter was therefore closed down and dismantled, the 
best of the machinery being reinstalled by the Inter- 
national company at Tooele. This plant was built at 
Pine Canyon, where prevailing day winds would carry 


tne smoke 


ent 


into the mountains. Preliminary agree- 
were made with nearly all the land owners within 
three-mile radius that in case smoke damage resulted 


land would be transferred to the company 


for a certain stipulated value. The Yampa plant in 
Bingham Canvon was not involved, being out of the 


However, its life was relatively short. 
L'nder these circumstances it is seen that the smelters 
ind at 


té operating in 


Midvale are the two survivors of the 


that region in 1906, and disrupted 


smoke sult The so-called Godfrey decree and its 
eque tipulations required the American Smelting 

& Refining Co. and the United States Smelting Co. 
tall modern fume-collecting and gas-cleaning 
devices to efface the evident nuisances existing at that 
I e subse ent operatio. of both of the plants proved 
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satisfactory to the farmers for many years. However, 
during the period from 1912 to 1916 several complaints 
were made, and in 1916 another suit was entered 
against the two smelting companies asking damages and 
other relief. 


INVESTIGATING STAFFS MAINTAINED 


During this time both of the companies have main- 
tained investigating staffs which have not only worked 
upon the question of smoke injury in general, but have 
also operated experimental farms nearby the smelters 
(Fig. 1). It was their practice to have members of 
their staff investigate complaints as they were made. 
The American Smelting & Refining Co. in many cases 
found it best to admit damage by sulphur dioxide and 
settle accordingly. It is interesting to note that it took 
for both sides to become convinced that 
fume or other solid was not the cause of plant 
injury. However, with the operation ‘of well-designed 
baghouses, the amount of solid matter escaping from 
the central stack was of negligible quantity, and vet 
undoubted discoloration and bleaching of foliage oc- 
curred at times. However, the United States Smelting Co. 
would not admit that SO,, in the concentrations caused 
ly their operators, caused any economic damage—that 
is, deteriorated the crops in quantity or quality. Their 
contention was that only on one occasion—in June, 1914 

was there a well-defined burn caused by smoke, yet 
the effects of this gas current quickly disappeared, and 
no permanent damage was done to the crops nor claimed 
by the farmers. 


some vears 


sole 


PRACTICAL EXPERIMENTS ON NEARBY FARM 


As mentioned above, the United States Smelting Co. 
had maintained an investigating staff on smoke prob- 
lems, as well as utilizing the services of independent ex- 
perts since 1908. In 1914 is acquired a run-down 180- 
acre farm, one mile from its stack in the direction of the 
prevailing wind, a farm which had been worked almost 
continuously since the Mormon settlement without re- 
Prof. 
EK. W. Ledyard was given charge of this venture, and by 
proper care, fertilization and drainage he was able to 
grow successfully over 100 different crop varieties. His 
studies of the actual SO, concentrations led him: to the 
extreme of making determinations at various stations 
at five-minute intervals for 100 hours. His studies of 
drainage conditions and ground water were very minute, 
and led him to maintain that much if not a great ma- 
jority of the plant bleaching ascribed to smelter smoke 
was due to improper irrigation or drainage. 

Within the last several years the American Smelting 
& Refining Co. has acted upon the findings of its smoke 
investigators, headed by Dr. P. J. O’Gara. 
were briefly described in METALLURGICAL & 
CHEMICAL ENGINEERING, vol. 17, p. 682 (Dec. 15, 1917). 
Dr. O’Gara and certain members of his staff by means 
of experimentation briefly indicated in the article 
quoted, and illustrated in Figs, 1 and 2, established the 
standards of plant injury as determined by weather 
factors and varying concentration of SO,, and whenever 
what appeared to them to be actual SO, injury occurred 
they were ready to recommend proper compensation. 
The logical consequences of these findings involved the 
construction of a number of improvements at the Mur- 
ray plant such as the installation of a 455-ft. stack with 
flues so arranged that it will discharge the smoke from 
the boiler houses as well as from the roasting depart- 


gard to crop rotation or adequate fertilization. 


These con- 


clusions 
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ments. In case the heat derived from this source is not 
sufficient to insure proper diffusion of sulphur dioxide, 
an auxiliary coal furnace has been installed at the base 
of the stack. In conjunction with this device the com- 
pany has also completed a very fine and efficient Cottrell 
plant, designed and constructed by its engineer, J. B. 
McIntosh. 

In the decree just issued Judge Johnson notes that 
conditions at the present time are much better than they 
were in 1908, but still there was much to be desired 

1916, when the suit was started. He finds that 














BATTERY OF CABINETS IN ACTION AT THE 
A. S. & R. FARM 
cabinets shown are set over the plots when it is desired to 
te the plants. The light wood frames are covered with 
heet celluloid, which gives a high light factor. The blow« i 


cted with slip joint to the cabinet delivery pipe, < 
of air measured by Pitot tube. The SO, is measured by a 
meter shown in the frame above the blower. The tem- 
ture and humidity of the air in the cabinets remain essen 

the ime as the outside air, because of the large volume of 
passed through the cabinets. Each blower has a capacity of 
00,000 c.c. per minute The cabinets are 6 x 6 x 4 ft. high 
ll series of experiments use was made of check cabinets 
igh which air, unmixed with SOs, was passed This was for 
purpose of checking the light factor 


pillary 


noke damage by sulphur dioxide has occurred at many 
times and many places in Salt Lake Valley in recent 
He also finds that the smelting plants have not 
at all times been able to control or dilute the sulphur 
dioxide so as to avoid damage to nearby vegetation. 
The American Smelting & Refining Co., by its so-called 
“sea-captain” methods of operation pending completion 
f the high stack and electrical precipitator, has much 
more nearly approached perfection—in fact, the Court 
was able to find no specific case of smoke injury in the 
Murray zone during the 1916 season. In this system 
the management recognizes certain optimum conditions 
of light, temperature, humidity and wind direction, 
which, when occurring, are bound to cause smoke injury 
if more than a certain quantity of sulphur is being 
evolved at that time. By keeping the:weather eye out, 
therefore, the company is enabled to close down certain 
smelting units (roasters) so as to reduce the actua! 
amount of sulphur evolved during these dangerous 


vears, 


times. 

Under all of these circumstances the Judge allows 
operation to continue temporarily, provided that sul- 
phur trioxide or sulphuric acid is neutralized, precip- 
itated or removed to such an extent that “no injurious 
amount” exists in the gases eventually discharged. All 
solid products except unconsumed carbon are removed 
as far as practicable by modern baghouse plants or 
Cottrell installations, and the resulting fume is resmelted 
under the same precautions as to smoke and fume which 
is given the ordinary ore mixture. Sulphur dioxide 
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Smelting 
cent by 


in the smelter gases at the United States 
Co. may not exceed a maximum of 0.75 
volume. On the other hand, the sulphur dioxide analysis 
on the areas surrounding the American Smelting & 
Refining Co.’s plant may not exceed an hourly average ot 
one part per million in the growing season of the year, 
while during the non-growing seasons three parts per 
million may not be exceeded. 

The complaining farmers were awarded $20,000 in 
The companies are also to bear the expense of 
a commissioner and his staff appointed by court 
to observe smelting operations, to make necessary tests 
und to propose remedies for smoke nuisances, and to 
examine complaints, having, together with the smelting 
companies’ agents, full freedom of action and informa 
tion from both parties to any controversy. Prof. R. E. 
Swain of Leland Stanford University appointed 
commissioner and will make his report to the Judge on 
Feb. 1, 1921. If Prof. Swain the Court 
decrees that the methods employed by the American 
Smelting & Refining Co. will in all probability obviate 
smoke damage, then the United States Smelting Co. 
is obligated to take like steps immediately. 

Having given the historical 
some extracts from Judge Johnson’s decision will be of 
interest to those who have been engaged in investigating 
or fighting smoke damage. 

In the case under discussion, the complainants say 
that sulphur dioxide and sulphur trioxide escape from 
the smelters and offensive to the inhabitants, 
deteriorate wire screens, fencing and metal 


per 


costs. 


the 


was 


reports and 


foregoing background, 


are 
work, and 














FIG. 3 


Stomata or breathing pores of plant leaf howing per pp 


nee It is through these small ay tur that gas | ' 
the leaf While 100 to 300 stomata may be present on 1 sq. 

of leaf surface, there are a few cases where there 1 be a 
many is TOU Very young leave with i nature tomata 
more resistant to SO ind other ga thar ! t ! 
(O'Gara x 175.) 

destroy fruit and ornamental trees. Such gases, in 


connection with arsenic, antimony and zinc compounds, 
poison crops so that they cannot be used. 

On the other hand, the smelting companies contend 
that no arsenic or sulphur trioxide escapes except when 
the bags in their baghouses are being shaken, which 
The amount of noxious 


happens once a day. fumes 
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liberated at that time is so small as to be entirely 
negligible. On the other hand, sulphur dioxide is so 
diluted by nitrogen and air as to be harmless to animal 
or vegetable life, and in such quantities is incapable 
of causing deterioration of metal work. 

The Judge finds that practically all sulphur dioxide 
goes out of the smelters through their main chimneys, 
except a little “ground gas.” In both plants a very 
efficient smoke-collecting system, flue and baghouse have 
been installed, which collectively remove all solids from 
the gas. Sulphur trioxide is sufficiently neutralized by 
calcium oxide or zine oxide intentionally introduced into 
the flues, and thus is converted into solids. Conse- 
quently, any damage that is done at the present time is, 
by exclusion, due to sulphur dioxide. 

The evidence shows sharp controversies over the 
causes of observed plant injury, but a great portion of 
the evidence was merely a matter of opinion and was of 
a relative value, being highly influenced by the precon- 
ceptions and point of view of the witness. : Thus. the 
plaintiffs and their witnesses were all farmers who 
were untrained observers and prone to call damage of 
all sorts “smoke damage,” reasoning from conditions 
which they had observed prior to 1908. They would 
therefore testify that smoke was responsible even when 
plant damage was clearly due to other causes. Even 
the expert witnesses employed by the farmers mis- 
takenly held that leaf injury which looked like sulphur 
dioxide injury was actually caused by SO.. 

On the other hand, the smelting companies’ witnesses 
were unconsciously biased on the other side—even the 
farmers who testified for them. The smelting com- 

















FIG. 4 
Cro ection through single stoma or breathing pore of alfalfa 
eaf The two guard cells, the sub-stomatic chamber and the 
palisade cells below and surrounding the chamber are shown. 


ises passing through the stoma and into the chamber come 


nto contact with the thin cell walls, and readily diffuse through 
them into the cells In this way CO, enters the leaf cells and 
through the agency of light combines with the cell water, sugar 
being one of the first recognizable products (O'Gara 175.) 


panies’ experts often found other sufficient causes than 
sulphur dioxide to account for all mischief in the smoke 
zene. However, the testimony of the smelter experts 
as to fact is far more valuable than other testimony 
merely founded on opinion. 
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The research work of these scientific men has been 
admirable, and it is unfortunate that the plaintiffs and 
other farmers of the.community have not taken more 
interest in the experimental farms of the defendants 
and profited by the information acquired in the opera- 
tion of said farms and the experiments made at these 
stations. 


Another point in the opinion handed down by the 


Judge is especially worthy of note and consideration. He 
says that the experts employed by the American Smelt- 

















FIG. 5 
breathing pores of plant leaf, showing closed ap- 
In many plants closure takes place in the absence of 
temperature and relative humidity of the asmosphere 
important factors which govern stomatal movements. 
of rain drops on foliage is to close the stomata. 
175.) 


Stomata or 
pearance, 
light, but 
ire also 
The effect 
(O'Gara 


ing & Refining Co. have been able to make some settle- 
ments with the complaining farmers. Their scientific 
investigations were of the highest class and their offi- 
cials were of an open mind. Consequently the settle- 
ments which had been made by them tended to establish 
standards of appearances, circumstances and conditions 
which evidence injury by sulphur dioxide. 

Discussing the accepted fact of plant injury by sul- 
phur dioxide, the Judge notes that it is immaterial] 
whether SO, is oxidized to SO, in the ground, in the air 
or in the plant tissue itself. The main fact is that under 
such conditions it actually causes harm to plant life 
if in sufficient concentration. 

He throws out of court, however, analyses showing 
the sulphur contents of the ground, the plants growing 
on the ground and momentary quantities in the air. 
All of these data he feels are too meager for much 
weight, and sulphur contents in plants might not affect 
their vitality or their proper use. 

Such a condition evidences a departure from the usual 
and, perhaps, natural, but the power of adjustment 
of life to environment is too great to base upon such 
departure alone the conclusion that it produces a de- 
terioration in the vitality of the plant, or the quality 
or quantity of yield. 

The evidence respecting the effect of the presence of 
SO, or possibly SO; in the atmosphere upon wire 
screening and fencing creates a suspicion that deteri- 
oration results, but the evidence is not of that con- 
vincing character that I feel would justify a_ finding 
in the case to that effect. 

The evidence is insufficient to show that the presence 
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of SO, in the atmosphere causes injury to vegetation 
and plant life, where there is not external evidence of 
injury appearing in the plant. In other words, the evi- 
dence is insufficient to show any invisible injury to 
vegetation or plant life occasioned by SO, acting either 
through the soil or the atmosphere. 

One part of sulphur dioxide to one million parts of 
air under certain favorable conditions will mark, dry 
up or bleach foliage of certain non-resistant crops. 
The skin or bark of growing plants is much more 
resistant, while young fruit, blossoms, and grain, while 
it is heading out, are less resistant than the bark, but 
more resistant than foliage. The effect seems to be 
that sulphur dioxide passes from the air to the leaf 
structure through stomata, destroying cell life and dry- 
ing up the structure in a way which is visibly evident. 


FACTORS MODIFYING SMOKE DAMAGE 


“The appearance .of SO, injury in the foliage of 
plants and its extent depend upon certain conditions,” 
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leaves or the appearance of the markings on the leaves 
resulting from SO, injury is not the same in all plants 
and is not distinguishable from discoloration and 
markings resulting from many other causes, whether 
examined by the eye alone or under a microscope. and 
so far as the evidence discloses there are no structural 
or chemical characteristics of SO, injury which dis- 
tinguish it from injury by many other causes. Injury 
caused by frost, sunburn, sun-sceald and alkali are among 
the causes producing leaf injury in every characteristic 
similar to that caused by SO,—that is, relatively sudden 
deterioration, disintegration, and breaking down of the 
internal cell tissues of the leaf. 

“Leaf injury occasioned by insects directly attacking 
the leaf of the plant is ordinarily readily distinguishable 
from SO, injury. .. . 

“Fungous diseases of plants, in many cases, cause 
leaf deterioration identical with SO, injury. These 
bacterial diseases have each their several characteristics 

















e) 7 
FIGS. 6 AND 7 NORMAL AND INJURED ALFALFA. (O'GARA. 180.) 

Fig. 6 shows cross-section of normal alfalfa leaf with the characteristic cellular appearance or structure Two stomata, on 
closed, the other open, are shown in the upper portion of the leaf. The long cells in the upper half are known as palisade cells 
Contrast the appearance of the normal structure with that of the injured leaf, Fig. 7, which shows no structure. It is plainly 
seen that the injured leaf has shrunk to less than one-half its original thickness, as compared with the normal leaf. Fig. 7 shows 


cross-section of alfalfa leaf after acute SO. injury. 
peared. 


cause the cell water escapes from the injured cells. 


quoting verbatim the words of Judge Johnson’s decision. 

“1. The sensitiveness of the plant to SO. injury. 

“2. The concentration of SO, in the atmosphere. 

“3. The length of time during which the plant is 
subjected to SO.. 

“4. The humidity of the atmosphere. 

“5. The presence or absence of those conditions which 
affect or control the opening or closing of the stomata. 
as light, darkness, heat and coid. 

“As a rule SO, seems to attack the leaves and foliage 
at their points and edges, extending into the leaf in 
proportion to the severity of the injury. The effect 
of SO, injury—that is to say, the markings of the 
foliage—is observable practically at once. The appear- 
ance of the markings of the leaf tends to change some- 
what with the lapse of time. The discoloration of the 


{ The cellular structure, as shown 
L Leaf injury by other gases, fire, frost, drouth and other causes presents the same appearance. 
ing microscopic picture which will separate one from the other. 


in the normal leaf, has practically disap 


There is no distinguish 
In all cases the part of the leaf which is injured collapses bi 


other than leaf deterioration common to them al] and 
to SO, injury, and the presence of the characteristics 
of disease will ordinarily classify the leaf injury as 
injury resulting from disease and not from the presence 
of SO... . 


SULPHUROUS INJURY INDISTINGUISHABLE 


“It will be observed that each one of the causes of 
leaf markings producing injuries identical with and 
indistinguishable from leaf markings produced by SO, 
has its own peculiar and accompanying factors. For 
instance, frost is accompanied by a temperature below 
32 deg. F., and ordinarily its effect is observed over a 
relatively large area of country. Sun-scald is accom- 
panied by hot sunshine preceded by irrigation or rain. 
Sunburn is accompanied by hot weather and lack of 
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moisture. Alkali injury shows on crops in soils con- 
Similarly, SO, has its accompanying 
namely, injury from SO. always occurs in the 
ath of the wind blowing over and from smelting plant 


ning alkali. 


tuctors 


the stacks from which sulphur dioxide is dis- 
charged. : 

‘The lapse of time following an opportunity for 
njury in any given case is of no aid in distinguishing 


the cause of the troub'e, since under like conditions 


ecovery from the effect of leaf injury caused by sun- 
ld or sunburn, and in some cases alkali, is equally 
pid recovery from injury occasioned by SO.. 


| hould be noted, however, that in 
ury persists and is progressive, so that it often hap- 
pens that a growing crop may show the effect of alkali 
t first | relatively few markings, 


time elapses, constantly increase 


many cases alkali 


and insignificant 


it these n arkings, as 


imber and extent and persist throughout the vrow- 

éasol 

he distinguishing factor of SO, injury, as already 
erved that occurs in the path of the wind pass- 
over the smeite. [ do not mean to say that it may 
cur at times of apparent calm, but in respect to 


that there is no such 
a practical calm, that 


large area for an 


assumed 
absolute caim, or even 
great length of 
“Another feature of SO 
ilar markings by 
rkings showing the course and direction of the gas 
d which, as noted, 


injury distinguishing it from 


other causes is a path or zone of 


above is always in the direction 


he wind from the smelter at the time. This path 
one is fan-shaped, increasing in width from the 
elter Yet there are instances shown by evi 
ence of SO. injury showing locally and without the 
panying characteristic of a fan-shaped path or 


e extending from the smelter, at least observed and 

aced, and I am led to the conclusion that at times the 

tream is deflected to the ground at points more 

less distant from the plant by air currents, with 
esulti SQ. injuries 

ECONOMIC LOss 

There can be little doubt that SO. injury, when 

rrit it a critical period in plant development, 

ilts in economic loss—that is, substantial diminution 

rop eld The tendency of growing crops is to 


overcome the injury inflicted by SO, or 
iry caused by any other agent, and the observations 


the matter are that markings caused 


SO. will cease to be noticeable, during the season 
pid growth and development, within a short time, 
he length of time in any case depending upon the 
ecies of the plant affected, the time of year and, gen- 


ally, upon every factor that promotes or retards plant 


wth and ade velopme nt. 





‘The tests made at the experimental farm of the 
S. & R. Co. tend to minimize the economic loss caused 
SO, injury There are many factors to be take 


‘ation in determining the 
Ss) 


question of eco 


injury any particular case. 


Under all the evidence in the case, I am 


+} ; 
‘ bal 


SO_ injury occurring at a critical period 


int developments results in appreciable economi 


Or, stated another way, SO, injury, occurring at 
e or under conditions unfavorable to plant de- 
nme d crop vield, causes more or less economic 
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Use of Liquid Oxygen as an Explosive 

Liquid oxygen as an explosive was first used by the 
Germans in a coal mine in 1897, following Linde’s inven- 
tion of his liquefying apparatus in 1895. Trials made 
in the Simplon tunnel are said to have been favorable. 

In 1900 Claude of France patented the rectification 
principle. Linde in 1902 designed his rectification ap- 
paratus. Both types of apparatus are extensively em- 
ployed in liquefying gases. In 1904 Dewar of Great 
Britain invented the Dewar flask—a container for lique- 
fied gases. 

It remained for the war to bring out further develop- 
ments, and its use was widely extended in Germany 
during this period. The Allied countries, being able to 
import nitrates from Chile, did not take up its use, but 
if the war had continued the United States would prob- 
ably have been compelled to do so. The use of this 
explosive commercially will now depend upon its own 
merits. 

Experiments of the Bureau of Mines have shown that 
a liquid oxygen can be prepared with a blasting strength 
greater than 40 per cent straight nitroglycerine dyna- 
mite. The procedure adopted was to place a No. 6 
detonator in the inner cartridge, a cheese-cloth 
containing material. The cartridge is 
soaked in liquid oxygen ten to fifteen minutes in at 
improved container devised by the Bureau. The car- 
tridge, frozen stiff, is slipped into a pasteboard con- 
tainer, placed in the hole, a wad of cotton placed on it, a 
brass tube inserted, and clay tamped around the tube. 
The hole left by the tube provides an outlet for evap- 
orating oxygen until the shot is fired. 

Advantages of this explosive compared with dynamite 
and black blasting powder are lower cost per ton of 
material blasted, elimination of dangers in transporta- 
tion from premature ignition, misfires or unexploded 
sticks in blast hole, in handling and thawing, or in stor- 
age magazines. 

Disadvantages are: Liquid oxygen, because of its 
rapid evaporation, must be used quickly after charging, 
this limiting the number of shots; the maintenance of 
a liquefying plant near the mines, and the fact that the 
explosive cannot be used in gaseous coal mines. 

This method offers great possibilities for lessening 


sack 
carbonaceous 


blasting costs in non-gaseous coal mines, and in metal 
and mineral mines using a chamber method when only 
a few shots are fired at one time. The chief cost is that 
of the oxygen. It is thought that this can be decreased 
through promised improvements in liquefying machines. 





Shipments of Sulphur From Sicily 
The export of sulphur from Sicily during 1919 
amounted to 147,286 tons, as compared with 231,390 
tons in 1918. Of this amount approximately 45 per cent 
was exported to France, the remainder being shipped 
to Greece, Turkey, Spain, England and South America. 
There were no sulphur exports to the United State: 
from Sicily during 1919. The estimated 
stocks on hand on Dec. 31, 1919, amounted to 
tons, 

The production slightly improved in 1919 as compared 
with the immediately preceding years, but is still far 
below the pre-war figures. Industrial troubles and fires 
largely contributed toward curtailing the output last 
vear. The outlook for 1920 is not considered very bright 
on account of the industrial, 
exchange difficulties to be contended with. 


amount of 
136,991 


many transport and 
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Pressure and Temperature Relations for 
Vapor of Liquids 





Derivation of Formule Giving the Relations of Vapor Pressures—Boiling Pressure Ratios to the Absolute 
Temperature—Absolute Boiling Point Ratios From Known Physical Constants—Latent 
Heat of Evaporation, Molecular Weight and Absolute Boiling Point 


By P. B 


WILLIAMSON 





ECENTLY while working the 
cracking process for producing gasoline, it was nec- 


out design of a 


essary to have, among several other things, some 


hant 
ahiilt 


itative idea of the change under different pressures 
the boiling points of quite a large number of hydro- 
especially of the paraffines. On consulting a 
found that little 
had been published on the vapor-tension phenomena of 
furthermore that 


arvpons 


umber of authorities it was very 


those compounds and substantially 


nothing had been done toward determining a general 
pression involving the pressure on a liquid and the 
tter’s boiling point under that pressure—or, iit 
phvsicochemical terms, the general relation between the 


temperature of a liquid and its corresponding vapor 


ension. A search for information on the subject, in- 
iuding, as it did, correspondence with some of the lead 
ng physical chemists and research institutions of 


forcibly brought to mind a statement written 
by the author several years ago in his physics lecture 


otes: “No definite law is known (1910) connecting 
the boiling point of a liquid with the pressure; all we 
can sav in general is that the greater the pressure, the 


higher the boiling point.” It is apparent, however, that 
: law exist, its would be 
First as a check on experimental 
secondly : 


sucn a 
extremely valuable: 
work on the vapor-tension variation of liquids; 
as a check on the normal boiling point, melting point 
and density of liquids; and thirdly, for practical de- 
termination of the vapor-tension behavior of liquids: on 


coes application 


which no vapor-tension data have yet been published. 


BERTRAND’S EMPIRICAL FORMULA 


In reviewing the literature it was found that Bertrand 
had investigated twenty-two liquids and found the fol- 
lowing equation to be applicable to them: 


P c (7) (1) 
nere 
F 50 for twenty-one of the compounds and 20 for 
chloroform. 
P pressure in mm. of mercury. 
T 274 +- pressure boiling point in deg, C 
Gr constants peculiar to each liquid. 


The use of this formula entails the determination for 
each liquid of three constants, g, G and 2. In order to 
the expression the first made was to 
ify (1) so as to give the pressure in atmospheres, 


simplifs step 


to de which the following analysis rapidly ensued: 
P p = a constant, c¢ (Z) 
where p pressure in atmospheres, 760 mm. 
Then from (1) for p, normal pressure, 1 atmos- 


phere 


normal b.p. (abs.) of the liquid 


where JT 
Substituting (8) in (2) and then multiplying through 
p ives 
T 
P pG | a } 
Vhence, from equating the identitie 


solving for T 


, we get 
¥ = >) 
A T \ 


from which the constant G has thus been eliminated 


27 1 deg, 


Bertrand reckoned from an absolute zero of 


and obtained the values of } enumerated in the table 
given in sec. 5, p. 520, vol. 1, of Castell-Evans’ “Physico 
Chemical Tables” (Griffin, London, 1902-11). For an 
absolute zero of -—273.1 deg. those values must be modi- 


fied accordingly. 


VAPOR TENSION CONSTANT EXPRESSIONS 


] 


Having derived equation (5) it was decided to deter- 


there exists a definite relation each 


mine whether for 
compound between its “vapor-tension constant,” A, and 
certain of its properties, such as melting points, boiling 


densities and molecular weights. 
tnat 


, nt 
pon Ss, 


+ 


to state considerable dis- 
agreement the 
assigned to the various properties, such as, for example, 
the melting point of CO, the boiling points of HS, 
CHCl, ete., various Naturally the 
densities must be reduced to some standard; which was 


It is hardly necessary 


arises in several instances as to value 


and on densities. 


taken as 273.1 deg. abs. 


Omitting quite a lot of detail, it would appear that 
is given by an equation, say, of the form 

\ aT x ¢ d (log W f) 

in which the coefficient « and the exponents %, y, 4 and 7 


The 
found 


are probably universal constants. most probable 
values of these constants may be 


number of liquids (using the most positive values of 


from a large 


their properties) by solving by the method of least 
squares the following equation: 
log } log 7 Slog ix , vlog i Ov «a 
vlog log Vi (7) 
Not having good facilities for the immense amount 
of calculation the above method involves, nor the oppor- 
tunitv of determining the correct data needed there- 
for, no attempt has been made to derive the above 
constants precisely. It will be shown, however, that a 


gveneral formula for ?} can be found involving only the 
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comparatively 
liquid 


well-known constants of the specified 
if not of the form just suggested, vet of some 
other type of algebraic expression. , 

According to Bertrand, in his equation (1), for chlo- 
roform g 20 and ) 120. But using equation (5), 
for chloroform g 50, as with the other liquids investi- 
gated by Bertrand, and ? 61.6, which agrees with 
(6) within the limits of error of the data used. Further- 
more, approximate calculations on a large number of 
compounds picked out at random from the vapor-tension 
tables in Castell-Evans, pp, 451-523 (vol. 1), considering 
the limits of error established by the agreement of the 
authorities quoted therein, make it appear that Ber- 
trand’s constant g 50 is probably universal. 

The constant 2 may be experimentally determined for 
liquids having no published vapor-tension tables. Thus, 
rearranging (5) and putting ¢ 50, we get 


TpTr(v p 1) 
, = EY Pp) (8) 
Tp I p T> 
When the pressure is normal (p 1 atmosphere), 
then 7 T,, and those values substituted in (8) give 
> 0 0 (indeterminate). Neither by rearrangement 


nor by successive differentiation of the numerator and 
denominator of the right-hand side of (8) can the inde- 
terminate form be got rid of. That fact can be proved 
mathematically, but the proof is too long for inclusion 
here; and, anyhow, it is apparent that any reduction of 
(8) to normal pressure will give the constant 2 in terms 
of the normal boiling point T,. That 4 does not depend 
upon T), alone readily shows from even a casual inspec- 
tion of the table. However, by finding a number of boil- 
ing points for different pressures (other than normal) 
a mean value of 7? follows from (8). 


DEGREE OF PRECISION OF APPLICATION OF ? 


Remarking further on positiveness of tables: 
ably the most 
Castell-Evans is 


Prob- 
reliable vapor-tension table given in 
that for water, on p. 461 (vol. 1). 
Substituting pairs of corresponding values from that 
table ‘in equation (8) shows that the different values 


of )} thus obtained de not coincide. Thus, for example, 
Ty " 
10 453 41 78 41 
0 937 67 78 35 
70 625.1 78 94 
Since the values of )% thus calculated do not vary 


uniformly with the pressure p (as they should do, were 
there any theoretical variation), but, rather, “oscillate,” 
it follows that the thermometry of the table is not exact. 
In the same manner and, it is reasonable to suppose, on 
the same account the values of A calculated from the 
tables for other liquids vary according to the positive- 
ness of the thermometry involved. 
Bertrand’s value for water of A, referring to absolute 
zero as 274 deg., is 78.3. That value referred to an 
zero of —273.1 deg. becomes 78.112. By strik- 
among the values calculated back from the 
table for water by (8), we get ? 78.5. The same 
applies te 4 for those of the other 
It would appear, then, that Bertrand’s 
values need revision. For engineering calculations, how- 
the mentioned so far 


absolute 
ing a mean 
difference 
liquids checked. 


order of 


ever, all of variations 


overlooked 


may be 
In conclusion, referring to equation (19) it follows 
the following relation should hold: 


} 0.0081 WL, (19a) 
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More or less empirical methods have been tried above, 
deriving expressions involving a constant to be found 
for each liquid either by experiment or by possibly 
evolving a general equation for the constant itself. As 
the first determination, for authoritative purposes, 
would require considerable laboratory work and the 
second determination might entail no less and probably 


BERTRAND’S A TABLE 


Substance Formula A Ta To u Log W i 
Carbon dioxide CO 35 195 217 44 | 6435 j 
Hydrogen sulphide Hes 37.1 188 212 341 #1 5326 0.88 
Ammonia NHs 46.7 195 235 17 1.2313 0. 623 
Cyanogen (CN) 47.3 239 252 26 1 4151 0.88 

(CN) 52 1 7162 

Boron trichloride BCls 48 8 291 117.4 2.0696 1.434 
sulphur dioxide SOe 49 5 197 263 64.1 | 8067 1.434 
Ethyl chloride CeHsCl 50.5 132 293 64.5 1.8096 90.921 
Cyanogen chloride (CN)C] 53.1 255 289 61.5 1.7887 1 
Carbon disulphide CS. 54.8 163 319 76.1 1.8816 1.292 
Ethyl! bromide C)HsBr 55 157 312 109 2.0373 1.45 
Ethyl ether CoHsOCoH; 55.4 156 308 74.1 1 87 0.73 
Silicon tetrachloride SiCl, 57.9 184 332 170.1 2.2308 1.524 
Ethyl iodide CHs.C Hel, 60.6 165 345 156 2 193 1 96 
Phosphorus trichlo- 

ride PCs 61.6 161 349 137.4 2 1384 1.613 
Chloroform CHCl 61.6 210 335 1119.4 2 077 1.526 
Carbon tetrachlo- 

ride CCl, 61.7 248 350 153.8 2.1871 1.6 
Methyl! alcohol CH30H 71.5 179 340 32 15056 0 81 
Ethylene bromide CHeBr.CH2Br. 72.9 283 405 187.9 2.2739 2.1 
Ethyl alcohol C2Hs0OH 76 161 351 46.1 1.6632 0.8! 
Pinene CyoHy , 76.8 429 1361 2 134 0.89 
Water H2O 78.3 273 373 18 1.2557 1 
Acetic acid CH3.COOH, 78.6 290 391 60 1.7784 1.03 
Sulphur Ss 135 390 717 32.1 1.5061 2 

Se ; 64.1 1 8071 


much more labor for the theoretical chemist, it seemed 
desirable to approach the subject from another angle, 
with the rather astonishing results below. 


DIFFERENTIAL RELATIONS 


Consider the unsaturated vapor of a pure liquid: 
From the standpoint of differential relations, it seemed 
possible that a general solution might ensue from the 
familiar linear equation always coming up when dealing 
with “single-energy” effects, viz.: 


qT 1 yxyp—x (9) 
dp ' 
where X, and X, may or may not involve p. 
The standard solution of (9) is 
T = e—IXidp « (fX,e/X147. dp + C) (10) 


where e is the Napierian base and C is an integration 
constant dependent upon the terminal conditions of the 
problem. 

From the nature of the problem the standard solution 
(10) calls for any of three combinations, viz.; X, and 
X, both involve p; X, is a constant and X, involves p, 
and X, involves p and X, is a constant. The simplest 
choice is the last. Now the curve plotted between abso- 
lute temperatures as ordinates and corresponding pres- 
sures as abscisse theoretically is parallel to the axis of 
abseisse when the pressure is infinite; 7.e., when p = 
~ then dT — dp = 0 and X,T = X,. But if X, involves 
py in a certain way then 0 —= X, when p = ~, or by the 
third assumption X, is constantly zero; which reduces 
(10) to 


T = Ce—/'()-4p 11) 

Since the temperature of the liquid has only a theo- 
retical value when the vapor pressure of the liquid is 
zero, consideration of the terminal conditions as those 
when p is zero takes us rather too much into the 
abstract. It is more convenient to consider the integra- 


tion-constant reference conditions as those under the 
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normal pressure of one atmosphere; thus obtaining 
from’ 
r(y 1) 
Tp 7 ¢ (12) 

where 

T,, = temperature of the liquid (absolute C.) 

T) normal boiling point (abs.) of the liquid 

7 vapor tension of the liquid in atmospheres 

t, (== constants peculiar to each liquid. 


Upon applying (12) to over 125 liquids for which the 
writer had to hand vapor-tension tables, it was found 


] ‘ — 
that while [ = 9 (approx.)* for all of those liquids, on 


the other hand, + varied from +t 
trioxide to + 
around 0.8. 


- 0.567 for arsenic 
- 2.17 for liquid helium, with an average 


SOLUTION OF THE VAPOR TENSION CONSTANT TAU 


The difficulty with indeterminate forms is met with 
upon attempting to evaluate <= from (12). But, taking 
another tack (cf., eg., “The Principles of Physical 
Chemistry,” by E. W. Washburn, Ist ed., 1915, McGraw- 
Hill, N. Y., Chap. XII., esp. secs. 1, 2, etc.) this obstacle 
may be avoided by the use of the well-known expression 


(-2) i, (13) 
6T , Pi, v, 7 
where 
L molal heat of vaporization of the liquid 
= molal volume of the liquid in the vapor state 
under conditions p, 2. 
For a theoretically perfect vapor (13) is integrated by 


Pi Lr {1 l 
D» R (7 a (14) 


in which 
In = natural logarithm 
R —the universal gas constant dependent only upon 
the units employed. 


Now if we put p, = PD, Pp 1 atmosphere, z, == Te 


and T, = T, in (14), then 
L i 1 -] . . 
In p R \T, T.) 2 (15) 
But L. varies with the temperature im thesame 


manner but in different degree for each liquid and, 
therefore, introduces the necessity for its positive 
determination accordingly—as a general rule quite a 
task within itself. But by considering differential 
increments Ap and AT as added, respectively, to the 
normal pressure and boiling point, it may be written 


p=-1 + Ap=D,; 
T.=T, + AT =T, (16) 
Le = Le 
But Lin = WL, (17) 
where 
L, — latent heat of vaporization (say, in calories per 
gram) at the normal boiling point of the liquid. 
~ WW molecular weight of the liquid. 
The last assumptions, then, transform (15) into 
WL / 1 1 
= —> (= } (18) 
In ps = “RB” (7, ~ 7) 
, ; “ ges 
'Thus corresponding to the linear equation - 5? ° T=-0 
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which rearranged gives 
: l R 
Ts = 1 ( ar Wr,’ In ps) (19) 
Now from (12) 
__ In(Tp: To) on 
ps l av? 
Substituting (19) in (20) gives 
1 RT 
wi" In ( 1 — WL.’ In p;) (21) 


The smaller the value assigned to Ap, the more accurate 
is the relation (21) and, at the same time, the closer 
to an infinitesimal’ is In p,. Hence, taking advantage 
of the expansion 


In(1 - 2) t-— $x" — ix — tz’ - eaceee 1 


29) 


the terms beyond the first on the right-hand side may 
be disregarded and thus enable us to reduce (21) to 
Te 
WL 
where R, involves R and %, which are practically the 
same for, all the liquids investigated. Checking (23) 
against water, mercury, ether, etc. (in fact, against over 
fifty liquids, and solids and gases in the liquid state), 
gives the almost exactly general value R, 17.42 (slide 
rule) ; that is, 


T R (23) 


T» 
l(.42 wr (2% 
(40 WL ss 
an expression involving only the comparatively better 
known constants of a liquid—the normal boiling point, 
the molecular weight, and the latent heat of vaporization 


(at normal b.p.) of the liquid. 


A GENERAL VAPOR TENSION TEMPERATURE LAW 


The foregoing analysis gives a basis for the state- 
ment, ‘that; The temperature of a liquid varies with 


changin fapor tension according to the logarithmic 












BF Deus the natural logarithm of the normal 
or, algebraically 





‘ ; oe — - 
T» = illn | 17.42 WL (1 Pp 1) + In r»| (25) 
or, using common logarithms, 
. ; see 
T,» = illog | (.96 WL (| p 1) + log r:| (26) 


By rearranging (26) an expression for vapor pres- 
sure (atmos.) is obtained (27) 


WL» 
p 1+ 0.1325 a (log T, log r»)| 


(27) 





and for latent heat (calories per gram at normal b.p.) 
in (28) 
; WwW : , _— 
Lo = 0.1325 7, (log Ty — log To) (vy p 1)~ (28) 
Since the pressure on a liquid.is equal in magnitude 
to the vapor tension (pressure) ofthe liquid when boil- 
ing under that pressure, equation (26)—or (25), or 


Of a higher order than p I 
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12) with (24)—arrives at an answer to the question 
often asked in practice: 

“What will be the boiling point of so-and-so when the 
pressure on it is increased or decreased to such-and- 
such a value above or below normal?” 

Cracking-process engineers, among others, will quickly 
recognize the query. In applying (26) to petroleum, 
however, Dalton’s Law of Partial Pressures must be 
In fact, the application to any mixture, 
whether a constant-boiling one or a fractional-distilla- 
tion one, supplies enough material for another paper 
on the subject. 


considered. 


Equation (27), inversely, arrives at conclusions re- 


garding pressures—coming up, say, in superheating 
problems, etc. 
(28) might lead to another method for 


checking the latent heat of vaporization at the normal 


Equation 


boiling point. By experimenting upon a _ substance 
whose latent heat determination presents especial diffi- 
culty by former methods, a table of temperatures and 


corresponding pressures may be developed (for the sake 
of obtaining a mean), and therefrom the value of L» 
computed by (20). 

Going further, if a substance should present itself 
and its latent heat and a table similar to that just 
mentioned can be found, then the molecular weight of 
the substance directly follows from (28) as 


W = 7.56T)L,() p—1) (log Tp — log T1) * (29) 


From Berthelot’s equation (cf. Washburn, loc. cit., 
Chap. I, p. 36, etc.) 
W = DRT) |1 ee (30) 
where 
D = density of vapor at normal b.p. 
T critical temperature (abs.) 
Dp critical pressure (in atmospheres) 


R= the gas constant (dependent upon density unit 
employed). 

From (30) there may be obtained an equation for T,, 
the critical temperature, or for pe, the critical pressure, 
which in connection with (26) or (27) gives a check 
on either of those properties of a substance. The equa- 
t are rather involved—yet worse things could be 
encountered. It is hardly necessary to state that any 
property sought in one of the above ways should depend 
only upon data from other sources, and not upon values 
previously found by (26) or its modifications. 

is a table showing, within the 
agreement of the data consulted, 
the remarkably close toeing-to-the-mark of enough sub- 
the above theoretical conclusions. For 
quite a number of substances no latent-heat figures could 
be found in hand; in which cases, for 
the purpose of comparison, the latent heat was com- 
ited by Trouton’s Rule, viz.: 


ons 


Anpended herewith 


limits of error or ol 
stances to justify 


references at 


WL 
a constant) (31) 
| 
vhere 7 is the same for similar liquids. Referring (31) 
24) show ha 
17.42 7 (32) 
APPLICATION OF THE RELATIONSHIPS 
Discussing the general results of the application of 
the formule, it must be said at the outset that they 
hecked much better than had been anticipated. Only 


three really glaring departures occur—those of formic 
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acid, acetic acid, and acetic anhydride. But it is to be 
noted that + approaches 0.75 from the tables for those 
three; which is following Trouton’s assumption. Also, 
according to Trouton’s Rule, if the latent heats of the 
three variants are correct as given, then the acetates 
and the formates should also prove exceptional; but 
those last, as seen, are among the best performers. 
Only one latent-heat reference each for formic acid and 
acetic anhydride could be found; but no less than three 
widely different values (all at the b.p., of course) were 
in evidence for acetic acid. Until something more 
definite regarding the latent heats of those discrepant 
liquids is forthcoming, the writer feels justified in 
believing that some peculiar difficulty is attached to the 
determination of that property of theirs. 

The latent-heat data on sulphur were also hopeless (as 
is usual with S,), and that particular instance was 
dismissed with the “stroke” of using for S, the Trouton 
Number (7) of O.. 

The propionates, butyrates and volerates appear a 
little irregular, but a reasonable doubt may be cast upon 
the thermometry of the tables consulted for them, as 
well as upon the latent heats given. 

In numerous instances of iso-compounds < is checked 
better by the formula if the latent heat of the corre- 
sponding normal compound be substituted therein. 

Only in two or three instances did there seem to 
appear any tendency to stray away from the value | for 

(in which cases the thermometry was clearly equivo- 
cal). The value of { begins to change, however, near 
the melting point. For example, ¢ = } for water from 
50 deg. (cf. K. & L., p. 40) to the critical temperature. 
Below 50 deg. “changes. That was to be expected from 
the fact that the present analysis assumes an unsatu- 
rated vapor. 

Some of the rather pleasing results obtained are the 
apparent agreement of the gases of extremely low boil- 
ing point, of niton (radium emanation), and the figures 
for arsenic trioxide. The last is a subliming substance, 
and no boiling point has been found for it heretofore. 
A theoretical boiling point was, therefore, deduced for 
As,O, by determining + from simultaneous equations, 
thus: 


In Ty — In T'y 
V Pp 


> (33) 
Vp 

Then, having +, the theoretical value of T, is obtain- 
able from (12); proving to be 650.1 deg. abs. or 377 
deg. C. Using that value gives the proper agreement, 
and the check for + (against AsCl,) is very close, con- 
sidering. But what to do with carbon dioxide is a 
cuestion. 

The desirability of using the most positive data 
obtainable should be emphasized, or in the case of 
having several authorities, of striking a most probable 
mean (if necessary, drawing an average curve), it being 
also advisable, when a lone table is in doubt, to plot a 
curve which will show whether or not the tabulated 
cata give all points on or very nearly on a smooth 
curve: e.g., plot a curve between « = mm. and y = ¢ 
from the table cited for m-amidoxylene. In the head- 
ing (p. 42) to their vapor-tension tables Kaye and Laby 
advise caution: “The thermometry is in many cases 
somewhat dubious.” 

Some of the earlier investigators performed monu- 
mental labors in producing tables and in working out 
interpolation formule; yet more modern workers, 
notably Ramsay and Young, with advantage of more 
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refined methods and apparatus and using stricte. 
criteria, have obtained results that in quite a number of 
instances, especially at extreme pressures and tempera- 
tures, differ very appreciably from those of their 
predecessors. But it is wonderful, indeed, how much, 
aside from laying foundations, those searchers of the 
middle nineteenth century accomplished! 

No attempt, therefore, has been made to give long- 
drawn-out accuracy either to the numerical values in 
the foregoing equations or to the figures in the table, 
owing, as just explained, to certain doubts about single- 
source data and to the disagreement, sometimes close, 
sometimes wide, of the authorities consulted for multi- 
pie-source data. The main thing is a desire to point 
out that here is a case wherein all liquids—whether 
mercury, sulphur, cadmium, xenon, water, ether, alcohol, 
normal compounds, iso-compounds, or what not—appar- 
ently follow the same law; which, naturally, leads one 
to believe that similar general laws exist for other 
property variations (or for the properties themselves) 

such as, for example, variation with temperature of 
latent heat of vaporization, of viscosity, etc. 





Calculations With the Williamson Formula 
3Y WALLACE SAVAGE 


ago Mr. Williamson 
of Bertrand’s empirical vapor pressure 
formula in editorial correspondence. Publication of it 
was withheld until the present time because it did not 
seem to offer sufficient aid to the overburdened-with- 
computations engineering profession. However, a new 
formula, as subsequently developed, can readily be 
worked with by means of a In-log slide rule or an align- 
ment chart having similar scales together with a special 
ninth root seale. Such a chart was designed by the 
writer and is included herewith, 

Upon inspection of it, the reader will observe first 
the three equidistant scale lines X, Y and Z. Z and X 
are simple 6-in. log scales and Y has a log scale unit 
one-half as long, the initial points of the units being in 
line (1.00, 100 and 100). It is mathematically evident’ 
that any straight line connecting an X number with a 
Z number will give the product of the XZ numbers on 
Y. Thus, 150 connected with 2 intercepts 300 on Y. 

In the formula <(P '— 1) In T,/Tp, the values of 
tau, being simple, are assigned directly to the Z scale. 
\alues of the expression (?!— 1) are then computed 
nd scaled at any convenient intervals above X on the 
three lines 1, (Values of P 1.002 — 1.02 and 
0.998 0.098 atmospheres); 2, (1.2 2.0 and 
0.50) and 3, (1.2 — 100 and 0.83 — 0.005). 
hus on the third line, 2 atm. and its reciprocal 0.5 
re placed at (2' — 1) or (1.08 — 1) = 0.080, or 80 

expressed in the X scale units. Ln 7/T, are then 
aled in a similar manner over Y on the three lines 
.2 and 3 so as to be equidistant from Z and the corre- 
ponding P lines. Thus four separate alignment charts 
re obtained in a stack having the Z scale in common. 

Upon making many calculations on liquids having 
own vapor pressures, it was found that the formula 
as very accurate at temperatures above the boiling 
‘int. Very large relative errors were found at lower 
‘mperatures, making it seem necessary to vary zeta 

au of the original formula. The latter seemed the 
ore logical because tau is inversely proportional to W, 


months 
modification 


Some contributed his 


the 


98 - 


For a geometrical proof and discussion, see I 


.ipkKa, 
Alen a cal Computations, p 


Graphical 
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the molecular weight of the liquid, which 
with polymerization, and L,, the latent heat of 
tion, which also increases. 


increases 
evapora- 
The following data on water 
and benzol may be taken as typical: 


WATER T/TB T /373 


i 4 370 =. 250 200 150 70 40 20 ) 
dos Se 1.72 1.40 1.27 1.13 092 O 8&4 785 732 
Press. Atn 207 39.1 15.3 4 85 307 073 023 006 
Cal. Tau 0.67 0.67 0.67 067 067 0.52 047 04 
BENZOL T/7B T (353.4 
T/TB 1.49 1.35 1.20 976 0 89 833 77 
Press. Atm 293 14.0 5.70 0.72 238 098 035 
Cal. Tau 0.89 0.89 0.89 0.65 067 063 O 
Thus readings for water on the chart are correct 


with tau at 0.67 on Z for all points connecting it with 
the T (1) — P (1), T (2) — P(2) and T(3) P(3) 
scales excepting from 0.30 to 0.005 on the lower side 
of /(3). However, if a point opposite 0.71 and one- 
third distant to the 7(3) scale is taken, it will be found 
to determine these lower temperature ratios and pres- 
sure readings to a fair degree of accuracy. 

The reader is cautioned not to get his scales mixed, 
bearing in mind that he has four separate and distinct 
alignment charts, the T and P scales of which have 
reciprocals, which are always to be used together. The 
X, Y and Z chart is given for use in the simple multi- 
plications and divisions required in calculating milli- 
meters, absoulte boiling fraction temperatures, etc. 

The table of constants included here has two tau 
values, the first as determined empirically from known 
vapor pressures and the second from the substitution 
of Ly in the formula for tau. Where molecular disso- 
ciation occurs, the values of tau tend to increase greatly. 
To make the formula and chart 100 per cent reliable, 
it will be necessary to have empirical tau values through- 
out the entire range of temperature to be considered. 


PROBLEM SOLUTIONS 


What is the vapor pressure of mercury at 450 deg. C.? 
The absolute temperature is first found by adding 273, 
giving 723 deg. for T,. Upon looking through the con- 
stants of the elements in the first column, the absolute 
boiling point of mercury is found to be 630 deg. and 
tau 0.80. The ratio of 7, to Tz, is then found to be 1.15 
by aligning 630 on X with 723 on Y and taking the point 
of intersection on Z of this line. The pressure is then 
found by aligning 0.80, the value of tau, on Z with 1.15 
on T(3), the point of intersection on P(3) giving the 
pressure as 4.4 atmospheres. This is readily converted 
to millimeters of mercury by aligning 760 on X with 
1.4 on Z, giving a line that intersects Y at 3340. Upon 
‘ooking up the determined mercury vapor pressures in 


Landolt and Bérnstein Tabellen, page 376, five values 
are given as follows: 

ROG be cs saadsbvcsess , 150 deg. C 84.4 

TEOT Ot whuw ove asealhseeeas 229 

Ramsay & Young....... 996.1 

UNGER «cccccabeees ‘ ‘ os to 

Young EP ewan ‘ 150.5 


If it had been desired to know to what temperature 
mercury would have to be heated to give a pressure of 
10 atmospheres, the procedure would be: Align 10 on 
P(3) with 0.80 on Z and read 1.255 0n T (3). Align 630, 
the T, of mercury, on X with 1.255 on Z and read 790 
on Y. Then 790 minus 273 
567 deg. C. 

In conclusion, it may be well to point out that the 
three P scales could have been made to read in any pres- 
sure units directly. The T 


gives the temperature as 


scales can be scaled for anv 


given boiling point liquid, thus forming a direct read- 
ing graphical chart of vapor pressures. 
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WILLIAMSON FORMULA CONSTANTS AND AN ALIGNMENT CHART FOR GRAPHICAL COMPUTATION 
"L Ly Up ’ "L Ly ''p , ‘s, Lins 
1.4 123 650 0.57 Chlorbenzene .. 405 0.84 0.84 75 
263 0.76 > Brombenzene...... 429 0.84 0.84 56.5 
0.78 592 349 0.85 0.85 52 Bromnaphthalene 554 0.79 
403 0.56 70 Ethyl bromide 311 0.85 0.85 58 6 
291 0.85 0.85 51 Ethylene bromide 405 0.85 0.85 43 8 
331 0.85 0.85 40 Bromal 447 0.76 
0.80 450 387 0.85 0.85 30 yl iodide 345 0.82 0.82 47 
0 60 234 576 0.65 lodobenzene 462 0.82 0.82 48 2 
656 0.54 Fluorbenzene 358 0.85 0.84 77 
0.60 130 Nickel carb 316 0.85 Cyanogen 252 0.79 0.73 115 
0.96 50 Methane 108 0.9 0.88 134 Cyanogen chloride 289 0.75 0.74 110 
0. 84 58 Ethane 188 0.9 0.88 124 Carbon disulphide 318 0. 86 0.86 85 
0 84 232 228 0.9 Ethy! ether 308 0.84 0.84 87.5 
0 88 67 274 0 89 Acetone 330 0.79 0.79 125 
0 80 45 6 309 0.88 0.99 75 Ethyl] acetate 350 0.80 0.80 86 
0 80 39 4 301 0.85 0 88 85 Proplyl acetate 374 0.84 0.84 76 
342 0.85 Etnyl butyrate 393 0.78 0.81 71.5 
371 0.84 0.87 74 Benzene 353.4 0.825 0.825 95.5 
398 0 82 Toluene 384 0.81 0.861 84 
446 0.76 415.6 0.8 0.864 79 
0 80 401 170 0.78 m-xyle 412 0.8 0.864 78.3 
0.77 480 188 0.83 0.83 153 p-xy 410.5 0.8 0. 864 78 
0 80 203 338 0. 68 0 68 269 Nitrobenzene 481 0.778 0.751 90.5 
0.78 318 351 0 64 0.64 206 o-nitrotoluene 493 0.77 0.751 83.3 
0 80 68 370 0 66 0.65 164 497 0.751 84 
0 67 537 381 0.66 0.65 137 512 0.77 0.751 86.5 
0.86 126 403 0 66 0 66 120 517 0.77 0.751 78.4 
0 74 122 249 0.84 0 88 96 457 0.75 0.751 113.9 
334 0.83 0.83 59 472 0.77 0.751 102 
350 0.85 0.85 46 476 0.72 0.751 103.1 
0 72 341 chloride 287 0.84 0.84 92 475 0.77 0.751 102.7 
wethane 347 0.82™ 0.82 55 491 0.77 0.751 94 
420 0.77 0.77 57 456 0.70 
435 0 82 0 82 46 491 0.75 
458 0.77 0.77 44 Anthracene 624 0.75 
+ 045 05 055 06 065 07 OB 08 08509 95 | L5 20 25 30 35 «40 «445 °=«50 
4 4 ) 06 065 07 0% 08 08509 95 100 2 2. 35 0 5 @0 65 1 { 
06 05 055 06 06 by dy od / 65 10 80 
Whe Ts = Boiling Point Abs. C.Deg 
La = Latent Heat Evaporation 
° = Malor::! \VA/oi 
Vapor Pressure - Temperature Alignment Chart W = Molecular Weight i‘ 
la Tet (P47!) P = Pressure in Atmospheres 
Based on Formula + = e = 2.7/8,Natural Log, Base 
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Copper and Magnetite in Copper Smelter Slags—II 





Chemical and Microscopic Examination of a Series of Representative Slags, Showing How Copper Losses 
Occur, the Relation of Magnetite to Copper Loss, the Behavior of Converter Slags in Rev er- 
beratory Furnaces and Suggestions for Reducing Copper Slag Losses* 


By CHARLES G. 


MAIER AND G. 


D. VAN ARSDALE 





N THE first part an attempt has been made to point 

out certain relationships between magnetite in 
slags and copper loss, which have been summarized in 
the final part of this article to form the basis of a 
tentative rational theory to account for the mechanism 
of such co-ordination. Before proceeding to this matter, 
however, the generality of the conditions as described 
above should be proved to be prevalent in the usual 
matte-smelting process. 

In Table III are shown the results of the application 
of the silver nitrate method to various slags from 
smelters other than those connected with the Phelps 
Dodge Corporation. The results are more or less self- 
explanatory, for on examination of the table it does not 
seem justifiable to conclude that the amount of dis- 
solved copper is constant for all slags. The amount of 
pellet copper shows considerable variation, indicating 
varying degrees of efficiency of settling, but it is to 
be noted that the average deviation from the mean con- 
tent of pellet copper, however small in amount, is never- 
theless about equal to the variation observed in the 
content of the dissolved copper. 

Despite the impossibility of proving constancy of 
dissolved copper for all slags examined, there is no 
doubt that a distinct similarity exists among these 
figures, and it seems fair to state that for all samples 
examined there remains the general classification as 
to form and content presented in our previous work; of 
the total copper present in reverberatory slag, a part, 
usually slightly less than 50 per cent and with an 
average magnitude of 0.15 per cent, consists of prills 
of sulphide, whereas the remaining copper is apparently 
in the dissolved form as sulphide and averages 0.20 
per cent 

The microscopic similarity of all slags examined is 
even more striking than the similarity of quantitative 
results gained by the use of the silver nitrate method 
for dissolved and pellet copper. The visual uniformity 
of the major structure of the slags will be apparent 
from an examination of a few photographs appended in 
Figs. 31 to 38. The observation of all samples examined 
confirms the generality of the following statements. 

Mattes as examined show identical two-phase struc- 
tures consisting of iron sulphide constituent and copper 
sulphide constituent. 

Reverberatory and blast-furnace slags show inclu- 
sions of copper sulphide globules approaching the con- 
stitution of white metal and present in amounts as 
specified in Table III. Attachment of gas bubbles is 
found in all slags for at least a portion of these globules 
and the disappearance of the iron sulphide phase or its 
separation from the copper sulphide globules is common 
to all samples examined, 

On crystallization no oxide or silicate forms of cop- 


*For Part I, see CHEM. & Met. ENG., vol. 22, No. 24, p. 1101. 


per have been recognizable, but there is considerable 
variation in the crystalline structure of the silicate 
phase. In all cases of reverberatory slags the formation 
of magnetite crystals on solidification is common and, so 
far as observed, universal. 





TABLE IL. DISTRIBUTION OF COPPER CONTENT OF TYPICAI 
SLAGS 

e- B.e 8.2 a5 2 

o— +R o2Oo Oo = 

C$ OfF2 083 LUGE 

be eS 2 Se 2 

No Name of Smelter x ff” £4xz£0beee 

| Copper Queen blast furnace 0.35 O19 O.16 45.7 

2 Copper Queen reverberatory 0.25 008 0.17 88 0 

3 Morenci blast furnace 0.35 O23 0.12 34 3 

4 Old Dominion blast furnace 0.30 O.15 O15 50.0 

5 Copper Queen reverberatory special 0.31 0.09 0.22 71.0 

6 Copper Queen reverberatory converter test 0.28 0 06 0.22 78.6 

7 United Verde blast furnace 0.34 O18 O19 55.9 

8 Arizona Copper Co., reverberatory No. |! 0.37 0.16 O21 6.8 

9 Arizona Copper Co., Reverberatory No.2. 0.40 0.20 0.20 0.0 

10 Arizona Copper Co., Reberberatory No.3. 0.40 0.15 0.25 62.5 

1! Arizona Copper Co., reverberatory No. 4.. 0.32 0.08 0.24 75.0 
12 Calumet & Arizona Copper Co. reverbera- 

tory 0.23 0.05 0.18 78.2 

13 El Paso Smelter, reverberatory No. |! 0.46 O21 0.25 54.4 

14 El] Paso Smelter, reverberatory No. 2 038 o13 0.25 64 8 

15 A.S. & R. Co., Hayden Plant, reverberatory 0.34 0.23 0.1) 32.4 

Average 0.339 0.144 0 195 








Converter slags have sulphide globules similar to 
white metal usually constituting the major portion of 
the total copper content, and magnetite crystals formed 
during the fused state are observed in all cases. 

No chemical relationship between copper content and 
slag constitution can be discerned. In taking up a com- 
parison of slag samples from various smelters it was 
thought that the ability to distinguish dissolved and 
suspended copper in slags should be a valuable tool in 
discovering any such relationship which might exist, 
but a critical examination of the specific results 
obtained, as tabulated in Table IV, shows no adequate 
explanation for observed behavior. 


SUMMARY OF FACTS 


In spite of the possibility of some repetition, the 
following summing up of our experimental evidence 
may be of interest in connection with the theory which 
we wish to develop concerning the relationship of 
magnetite and copper in slags. 

It has been found that copper matte-smelter slags 
contain their copper content in two forms usually about 
equal in amount, one of which consists of sulphide 
inclusions mechanically retained by the slag, the other 
being in an apparently dissolved form (at least not 
microscopically visible) which certain chemical aspects 
of the slag seem to fix, as also sulphide. But it has 
been also universally found that the pellet of mechani- 
cally held sulphide seldom retains the form of its original 
matte source, but instead loses its iron constituents 
(compare Figs. 36 and 37). This separation is accom- 
panied by signs of chemical reaction, two products of 
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COMPARISONS OF CHEMICAL ANALYSES AND COPPER CONTENTS OF TYPICAL SLAGS 
Per Per Cent Per Cent Pei Cent 
Cent Dissolved Pellet Per Cent Per Cent Per Cent CaO Per Cent Per Cent Ratio 
Ne Slag Cu Cu Cu SiOe Al2Os CaO +MgO S FeO 8/Cu 
1 Copper Queen blast furnace 0.35 0 16 0.19 36. 0* 11.0* 7.0* 38 0* 
2 Copper Queen reverberatory 0.28 0.22 0.06 40.76 11.43 4.88 7.61 0.41 37.56 1.46 
3 Morenci blast furnace 0.30 0.15 0.15 35.0* 10. 0* eee 18. 0* . 34. 0* 
4 Old Dominion blast furnace 0.36 0.13 0.23 37 .0* 9. 0* . 16. 0* 34.0* 
5 United Verde Extension 0.34 0.19 0.15 43.86 5.55 12.81 13.53 0.37 34.32 1.09 
6  Arisona Copper Co., No. 1 0.37 0.21 0 16 39.98 11.70 3. 46 5.89 0.52 39. 30 1.40 
? Arisona Copper Co. No. 2 0 40 0 20 0 20 38 80 11.38 3.07 531 0 40 42.35 1.00 
8 Arizona Copper Co., No. 3 0.40 0.25 0.15 41.35 11.45 6.14 8.65 0.29 34.81 0.83 
9 Arizona Copper Co., No. 4 0.32 0.24 0.08 41.69 1.71 6.03 8.33 0.25 36. 36 0.78 
10 Calumet and Arizona 0.23 0.18 0.05 42.70 6.56 6.52 8.19 0.73 39.96 3.10 
i Fl Paso, No. | 0.46 0.25 0.21 41.04 5.88 5.68 7.39 0.40 42. 87 0.87 
12 El Paso, No. 2 0 38 0.25 0.13 41.75 6.44 5.16 6.41 0.58 44 31 1.50 
13 A.S. & R., Hayden 0.34 0.11 0.23 37.22 6.78 15.02 16.63 0.47 38.27 1.38 
*i-stimated approximate average 


which may be distinguished. The first of these is a gas 
which must be, if its origin is in matte, sulphur dioxide, 
and secondarily, in extreme cases of rather unusual 
occurrence, the appearance of minute globules of metal- 
lic copper. 

Experiments with the addition of converter slag to 
reverberatories have shown both chemically and visually 
through the microscope that there is connection between 
magnetite (ferric iron) and a portion of the copper 
loss, i.e., the globule content. The amount of the latter 
is proportional to the oxidizing strength of the slag 
usually indicated by the ferric iron and magnetite con- 
tent. 

The dissolved copper content representing the remain- 
der of the copper is unaffected in total amount by the 
addition of converter slag to reverbertory, and con- 
sequently by the slight increase of oxidizing activity. 
If the dissolved form exists as sulphide, this fact proves 
that equilibrium is very closely approached. 


THEORY OF RELATIONSHIP BETWEEN MAGNETITE AND 
COPPER LOSS IN SLAGS 


The facts summarized above lead to the supposition 
that in considering the process of reverberatory smelt- 
ing in reference to copper loss, four types of phenomena 
or fields of action should be considered. These types 
are indicated graphically in the chart, Fig. 39, and are 
separated there by dotted lines, although it not 
meant that these actions are separable physically or 
represented by actual spatial zones of the furnace. All 
of the actions presented probably occur simultaneously 
to a greater or less degree, but it is not impossible that 
actual spatial separation in a specially designed furnace 
might not be theoretically desirable. 

The first action in smelting to be considered, from 
the standpoint of copper loss, is primarily the change of 
physical state due purely to fusion. The primary forma- 
tion of matte and slag is essentially and inherently a 
physical transformation, and any reactions involved are 
of a metathetical type and do not represent any ulti- 
mate change in total slag and matte, nor do they seem 
to be the source of copper loss. For example, we know 
that the original roasted calcine fed to the furnace may 
contain part of its copper content as oxide, but the 
amount of oxide truly fed to the furnace is not easily 
determined. A typical sample, as taken for analysis, 
may contain 10 per cent copper with 3 or 4 per cent 
acid soluble, but the method of sampling, as compared to 
the practical handling of calcine where it is conveyed 
in large quantities directly, and with a minimum cool- 
ing, from roaster to reverberatory, does not enable one 
to state definitely that the hot calcines, as usually fed 
to the furnace, do contain this amount of oxide. Even 


is 


if the calcine does contain this amount of oxide copper, 
however, it does not have effect on the final copper loss, 
since all the copper not in slag (the copper content of 
the slag is indicated by our work to be sulphide) is 
finally found in the matte and the reaction FeS + Cu,O 
= Cu,S + FeO must have occurred if the final condi- 
tion is to be accounted for. This reaction is obviously 
the reason for the absence of copper oxide forms in the 
slag, but does not affect the final copper loss except in 
so far as it inhibits the formation of oxide forms. 

While it is possible that some chemical oxidation does 
occur during the time in which the change from solid 
to liquid state is taking place, this action is purely 
secondary and is not truly an essential part of the 
matte-smelting process as carried on in the reverbera- 
tory. Chemical action, except the roasting mentioned 
above, is at a minimum in the solid charge. As far as 
copper loss is concerned, chemical reactions are not the 
source of any loss at this stage of the process, and it 
it justifiable to assume the first and essential action of 
smelting in reverberatories to be a purely physical 
change of state, whose only result on the final copper 
content is the saturation of the slag phase with sul- 
phides and the entrainment of small amounts of sulphide 
globules in the slag medium. 

Having once attained the molten condition, aside from 
the purely mechanical separation in whole or part of 
the matte and slag components, the chemical activity of 
the charge is enormously increased by the change of 
state, and a new condition, marked B in the chart, pre- 
vails in which chemical equilibrium tends to find its 
level. The matte, more or less protected by the fused 
silicates, does not have opportunity for direct oxidation 
to the same degree as the slag. In the latter the ferrous 
oxides or silicates are oxidized to ferric iron, thus 
increasing the content of the latter due to its original 
presence in the charge. ' By this means the fusion aids 
in the formation or crystallization of magnetite. It 
has been shown that the magnetite has great tendency 
to settle through the slag as soon as crystals of any 
appreciable size are formed, and inevitably thus comes 
in contact with the matte constituting the bottom of 
the fluid portion. Large crystals of magnetite are not 
visible in the usual reverberatory sample (cf. Figs. 2, 8 
and 14)? and their absence can be explained only on the 
basis of this settling action, for the formation of minute 
crystals on cooling and solidification shows that the slag 
is saturated with ferric iron. Moreover, since the total 
effect of the reverberatory furnace as a chemical appa- 
ratus is at least some little increase in oxidation, magne- 
tite crystals must be continually forming in the molten 
slag. Since crystals formed during the molten condi- 


See pp. 1102, 1103 and 1194. 
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tion are not visible in the final sample, (e.g., Figs. 6 and 
12 show’ only crystals formed in solidification), it must 
be true that these crystals have been disintegrated as 
rapidly as they were formed. Fortunately magnetite 
is wet by fused sulphides (Figs. 29 and 30)*, and its 
life at the bottom of the slag in contact with matte 
is short. Pictures shown above such as Figs. 27 and 
28 indicate clearly the progressive character of the fer- 
ric iron or magnetite reacting’ to be fluxed through the 
agency of the sulphides. The slowness of the fusion 
in the viscous slag medium prevents fhe instantaneous 
reduction of the magnetite in reverberatory slags, and 
thus permits photographs of the actual mechanism by 
which equilibrium is attained to be taken in solid 
specimens. This consistent with the absence of 
visible magnetite in the more thoroughly mixed blast- 


1S 


‘See 


1102 
1106 


pp and 1103. 
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furnace slags. Accidental contact between sulphide 
globules in suspension and magnetite is rare in rever- 
beratory slag, but more possible in the blast furnace. 
Upon contact with the body of the matte below the 
slag, the magnetite reacts, setting free sulphur dioxide. 
The gas rises and carries with it the sulphide globules 
which constitute the second portion of copper loss in 
the slag. This loss inherent in the reaction 
sulphur elimination and the variation metal 
in slag under otherwise constant conditions of charge 


is of 


of loss 


and temperature must be due to changes in this 
reaction, loss by solution being normally constant. This 
action is the essence of stage C (Fig. 39), where 


chemical equilibrium of magnetite-sulphide oxidation 
approaches a condition balanced by the physical action 
of gravity, mixing, etc. B and C together are a dynamic 
condition which becomes cyclical for all usual phases 
of furnace operation. 
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FIGS. 31 TO 38. SLAGS FROM VARIOUS COPPER SMELTERS 

Fig. 31. El Paso smelter, reverberatory slag. 110 Fig. 32. Hayden smelter, reverberatory slag. 110 Fig Calumet 
and Arizona smelter, reverberatory slag 110 &. Fig. 34. Arizona Copper Co. smelter, reverberatory slag. 110 Fig. 35 
Same specimen, showing detail of magnetite particles. 700 ; Fig. 36. United Verde Extension, blast furnace matt HyoSO, 
etching. 110 Fig. 37. United Verde Extension, blast furnace slag 119 & Fig. 38. United Verde Extension, converter 
Slag. 110 X. 
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The last phenomenon, D, is the purely mechanical one 
of settling, and although this may primarily be regarded 
as a direct and necessary sequence of the change of 
physical state at A, it should, nevertheless, be con- 
sidered as a separate action because it is so profoundly 
affected by the intervening and previous chemical and 
physical equilibria of B and C. The silicate portion 
thus acts as a medium for the stabilization of sulphur 
elimination in which ferric iron formed at its gas con- 
tact surface becomes magnetite, settles, reacts with 
matte to eliminate sulphur as dioxide, and to be itself 
redissolved and fluxed. 

The history of the metal loss in reverberatory slags, 
as influenced by the four phases of smelting as classified 
in Fig. 39, should be apparent. The original change of 
physical state at A is the initial cause of two sources 
of copper loss. The first portion is the direct solubility 
of a part of the sulphide in the silicate fusion. This 
part is constant in amount for any normal condition of 
temperature and composition and is materially unaf- 
fected by the subsequent equilibria. As a necessary 
consequence of the action of melting, entrained sulphide 
globules are formed. These sulphides should not be 
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The rdle played by converter slag in disturbing 
slightly the balance of normal conditions, as indicated 
in the previous paragraph, can now be understood. Its 
magnetite content increases somewhat the total amount 
of ferric iron, which is the cause of sulphur elimina- 
tion in the molten mass, as distinguished from sulphur 
elimination by roasting action, which is confined to the 
solid state before fusion. The normal effect of increase 
in magnetite is an increase in the extent to which 
sulphur dioxide is produced at the matte surface and 
consequently results in more suspension of copper 
globules (sulphide) throughout the slag. At the same 
time the grade of matte is necessarily increased. 

To secure finally the most efficient settling or recovery 
of sulphides from slag, the modifying effects of iron 
playing its shuttle game from magnetite crystals to 
ferrous silicate melts must be considered in its prac- 
tical aspects. 


CERTAIN PRACTICAL ASPECTS OF RESULTS 


If present and previous work has necessarily been 
of more theoretical than direct practical application, 
it has at least indicated rather definitely the answers to 
some problems which present them- 
selves in considering methods for de- 
creasing the metal loss in copper 
smelting slags. 

In the blast-furnace or reverbera- 
tory slags the classification of the 
losses into two normal classes of dis- 
solved and suspended sulphide glob- 
ules enables direct prediction of the 


f° SSOLVED 


MIGHER GRADE 
MATTE 





possible methods for securing de- 
creased loss. Dissolved loss, whether 
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FIG. 39 RELATIONSHIP OF MAGNETITE 
REVERBERATORY SLAGS 


normally expected to float in the slag unless affected 
by some subsequent buoyant effect. As far as density 
and viscosity are concerned, there is no reason why 
complete separation of such entrained globules should 
not be obtained merely through the medium of increas- 
ing the time of settling. 

The persistence of entrained and floated globules of 
sulphides is due to the second action B, that of the 
approach of chemical equilibrium. The manner in which 
the formation of magnetite causes the continual flota- 
tion of globules of sulphide has already been discussed 
above and needs no further comment except to point 
out that as long as the silicate portion of the slag is 
in contact with the furnace gases or any oxidizing con- 
dition there will be a continuous suspension of sulphide 
globules due to this action. 

The extent to which contact of magnetite with matte 
can cause the formation of suspended globules depends 
obviously upon the rate at which the original magnetite 
is formed and upon the speed with which it can come in 
contact with the matte. A limit is reached in state C, 
where the suspension and sulphur elimination are bal- 
anced by the physical equilibrium of settling and diffu- 
sion, and this represents the final state of the slag as 
obtained. 


AND COPPER LOSS IN 


the addition of such reagents as might 
cause a depression of the solubility 
by a common constituent (ion?) ef- 
fect. In a practical way the criteria 
of satisfactory furnace operation and 
economy of flux, as well as limitations due to the orig- 
inal constitution of available ores, will tend to render 
improvement by change of constitution unlikely. 

Depression of the solubility by the addition of 
external agents requires the use of sulphides. Iron is 
precluded because the slag is already saturated with 
its sulphide, and further addition could have no effect 
on the dissolved copper portion. Furthermore, the effect 
of the addition agent would be proportional to the 
amount added, and consequently no hope of the complete 
elimination of the dissolved constituent may be enter- 
tained, and no practical method whereby a saving of 
even any considerable amount of the dissolved copper 
is discernible on this basis. 

The elimination of suspended copper globules would 
seem to have much greater practical possibility, even 
though the total amount of metal recoverable is limited 
by the small percentage present in this form. The 
results outlined above leave no doubt as to the conditions 
which must prevail to obtain a decrease. Both the 
initial formation of floating sulphide globules and the 
continuity of suspension are due to oxidation carried on 
through the medium of ferric iron and magnetite. Many 
persons, noting an increase of copper in slag as the 
grade of matte was increased, have imagined a direct 
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chemical relationship to exist between the grade of 
matte and metal loss, but this connection is not truly 


causative, being in fact a secondary action. Considering 
the dissolved content, since we know that the constitu- 
tion of suspended globules approaches that of pure 
cuprous sulphide, the solubility of copper sulphide in 
the slag must approach a constant maximum corres- 
ponding to equilibrium in accordance with a fixed dis- 
tribution ratio, one of whose phases approaches a pure 
material. This means that the grade of matte cannot 
affect the amount of dissolved copper by any solubility 
effect. An altogether different condition exists for 
the globule content. Any process of smelting to give 
a high-grade matte must necessarily be done under more 
strongly oxidizing conditions than that producing a low- 
grade matte, and an increase of suspension is inevitable, 
because it is just this oxidizing condition which is the 
source of suspended copper sulphide loss. 

In the light of this reasoning, the extent to which 
the contact of matte and slag is under oxidizing condi- 
tions forms the major factor for determining the final 
copper content of the slag rather than any directly 
chemical relationship. The necessary conditions under 
which a saving of suspended copper may be made are 
clearly a matter of proper non-oxidizing settling, but 
it must be left to the practical smelter man to design 
suitable apparatus embodying the above principles for 
obtaining these conditions in a usable furnace. 

Even more definite conclusions are deducible regard- 
ing the practical treatment of converter slag. If mini- 
mum copper content of slag is desired, the addition of 
converter slag to normally operated reverberatories is 
undesirable except under those conditions in which the 
mixing can be done throughout a zone sufficiently 
reducing to insure complete reduction of the magnetite. 
Unless the magnetite is completely fluxed in the pres- 
ence of excess sulphides, an increased suspension of 
sulphide globules seems inevitable. 

The effect of the addition of converter slag to rever- 
beratories may be practically classified from either of 
two points of view, regarding the effect on the basis 
of the per cent saving of copper content of the original 
converter slag, or with respect to the effect on the 
original reverberatory slag to which the converter was 
added. Considering first the saving of copper content 
of the converter slag, the undesirability of making the 
addition under any other than completely reducing con- 
ditions may be shown by a simple calculation. The 
original converter slag may normally carry from 3 to 
lv per cent of copper, the greater part in the form of 
suspended globules of white metal with occasionally 
small amounts of metallic copper. The average dis- 
solved copper content of the converter slag is not nearly 
so constant as with other slags, but may be assumed to 
have an average maximum of 0.5 per cent. On addi- 
tion of the converter slag to the reverberatory, the sul- 
phide globule content of the former might be expected 
to be amenable to settling and recovery, but it is evident 
from our work that the recovery of the total globule 
content is only possible under the strictly reducing con- 
ditions mentioned above. 

Now assume the normal copper content of reverbera- 
tory slags to be 0.40 per cent, of which 0.25 per cent 
exists as suspended globules and 0.15 per cent as dis- 
solved. Since, as far as microscopic appearance and 
chemical behavior of the suspended globules in converter 
slag are concerned, they are exactly similar to those in 
reverberatory slag,-we may assume that the suspension 
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of the original converter globules when present in the 
mixed slag would certainly not be less than normal but 
will be greater than normal in proportion to the increase 
of ferric iron due to the admixture of unfluxed mag- 
netite. A typical case would be represented by the 
addition of converter slag containing 3 per cent copper, 
0.50 per cent of which is dissolved, and with a normal 
magnetite content of about 25 per cent. If this is now 
added to the extent of 10 per cent to reverberatory slag 
with an original 5 per cent magnetite content, the final 
mixed slag would contain (5.0 * 0.9) +- (25.0 * 0.1) 

7.0 per cent. The suspension of sulphide globules is 

therefore increased in the ratio 
(7.0 + 5.0) *& 0.25 — 0.35 per cent. 

The total amount of the original content of the con- 
verter slag which is not recoverable even under the best 
conditions is therefore the sum of the new suspended 
copper plus the original dissolved 

0.50 -+- 0.35 0.85 per cent 
of total copper. 

From the other point of view, with respect to the cop- 
per content of the reverberatory slag itself, according to 
the above calculation, the suspended copper would be- 
come 0.35 per cent, giving a total copper content of 
0.15 + 0.35 — 0.50 per cent. This represents an in- 
crease of 20 per cent of the total original 0.40 per cent 
content, whereas the percentage admixture is only 10 
per cent. The increased loss due to the addition of the 
converter slag is greater than the per cent admixture, 
and the addition must be concluded to be unsatisfactory. 

Although the above calculation emphasizes the dis- 
advantages of mixing converter and reverberatory slags 
so long as reducing conditions do not prevail, it is for- 
tunate that in practice there is always some reducing 
action at some point in the reverberatory despite the 
fact that the total effect is one of some oxidation. If it 
is essential to the routine operations of smelting to add 
fused converter slag to reverberatories, the practical 
ideal condition which should be aimed at is obviously to 
maintain a reducing zone in some part of any given 
furnace to which admixture is being made. 

Better yet will be the results of smelting separately 
with a pyritic siliceous material, preferably to produce 
a low-grade matte, in order effectually to reduce the 
magnetite. Such a process has already been carried out 
at Anaconda’. 

Finally, the above considerations indicate the possi- 
bility that methods of concentration of converter slag 
other than direct smelting are worth considering, al- 
though the practical justification of any method of con- 
centration will be affected by the extent to which the 
fluxing value of magnetite is usable in smelting by the 
maintenance of a preponderating reducing atmosphere. 


28.3 per cent 


APPENDIX 


The method for the estimation of suspended and dis- 
solved copper in slags by the use of dilute neutral silver 
nitrate solutions has been given in detail in a previous 
article and a complete discussion of its justification for 
this purpose need not be reproduced here. The beauti- 
fully definite manner in which it worked in the present 
instance gives, however, added weight to the considera- 
tion of its usefulness as a critical method in the exami- 
nation of slags. 

The determination of ferric iron in slags is a matter 
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CHEMICAL AND 


of considerable difficulty. 
easily determined 


Although the total iron is 
and an estimation of ferrous iron 
should complete the solution of the problem, there are 
two serious difficulties in the way of obtaining accurate 
results on silicates. These are: 

(a) The necessity of disintegrating the slag without 
oxidation 

(>) The harmful effects of sulphides in oxidation and 
reduction reactions involving the state of the iron pre- 
vent accurate determinations of ferric iron in their 
presence. 

A number of methods of disintegration have been pro- 
posed for determining the ferrous iron in silicates by 
Hillebrand’, J. P. Cooke’ and Doelter’, based on the use 
of hydrofluoric and sulphuric acids in an atmosphere of 








FIG. 40 


APPARATUS FOR 
OXIDATION 


DISSOLVING SLAG WITHOUT 


carbon dioxide. A composite method based on the rec- 
ommendations of these authorities has been worked out 
as follows: 

From 4 to 1 g. of slag sample ground to 100 mesh 
in porcelain was weighed out into a 25-c.c. platinum dish, 
2 to 3 c.c. concentrated sulphuric acid was added and 
the whole stirred with a platinum wire. The dish was 
then immersed in an atmosphere of carbon dioxide over 
a sand bath, as shown in the illustration Fig. 40. Ten 
to 12 c.c. of concentrated hydrofluoric acid was added 
and gentle heat applied for a period of twenty to thirty 
minutes until, after frequent stirring with a platinum 
wire through the top of the neckless funnel, complete 
disintegration had taken place. The heat was then re- 
moved and after cooling the contents of the dish were 
washed into about 300 c.c. of water with warm dilute 
sulphuric acid. 

If one endeavors to titrate for ferrous iron with per- 
manganate in this solution, the presence of hydrofluoric 
acid remaining undistilled causes a very bad end point 
because of the reactivity of manganese fluoride toward 
permanganate. This condition was partially eliminated 
in the following manner: 

Potassium carbonate and pure finely ground quartz in 
the 1K.0: SiO, were melted together in a 
platinum dish to quiet fusion; the silicate thus formed 
was broken up and dissolved in a minimum of water, 
and sulphuric acid added until the liquor was quite 
strongly acid to litmus, thus precipitating gelatinous 


proportion 
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hydrated silicic acid and forming potassium acid sul- 
phate. An amount of this solution and precipitate cor- 
responding to about 3 g. silica was then added to each 
determination and the ferrous iron titrated directly with 
permanganate. Under these circumstances most of the 
hydrofluoric acid remaining is converted into potassium 
fluosilicate and the end point is considerably improved. 

The determination of ferric iron by this method as the 
difference between the total and the ferrous iron is per- 
fectly feasible, but the actual amount determined will 
probably be somewhat less than the true content because 
of the sulphides present in the slag. For the present 
work, however, in default of absolute accuracy of results, 
if the results are comparable they could obviously be 
made the basis of a theory concerning the relationship 
of ferric iron to the copper content of slag. The justi- 
fication of the use of the method depends then on the 
fact that the total sulphide present in the samples 
analyzed varies in amount less than a few tenths per 
cent, whereas several per cent of iron are being deter- 
mined. Consequently the small practically constant 
error which is involved, due to the presence of sulphides, 
has been deemed negligible for present comparative 
purposes. 





Sulphuric Acid Industry in Japan 


The following table gives some idea of the sulphuric 
acid industry in Japan: 


Production Yen 
Ib 
1912 218,460,500 2,118,960 
1913 413,613,100 3,328,950 
1914 472,905,000 3,004,226 
1915 492,026,600 4,702,660 
1916 781,425,520 10,844,860 
1917 741,039,160 8,916,830 
1918 1,269, 200,000 14,250,000 


Production for 1914, the year the war broke out, 
shows an increase of 60,000,000 lb. over the previous 
year but a decrease in value of 324,730 yen. Since then, 
however, the production has shown an increase, with a 
slight let-up in 1917. No exact figures are obtainable 
for 1919, but it is estimated that the production was not 
less than 1,300,000,000 Ib. 


EXPORT TRADE 


Kin Yen 
1914 3,386,760 140,348 
1915 13,245,641 501,921 
1916 25,008,955 1,517,617 
1917 6,949,083 503,594 
1918 5,862,000 408,450 
1919 5,354,092 436,178 


As seen from the above table, there was a considerable 
increase in the export of sulphuric acid in 1915 and 
1916, probably due to increased exports to Russia. Since 
that time, however, the trade has been diminishing until 
in 1919 it fell to 5,350,000 kin, valued at 436,000 yen. 

The principal countries to which Japan exports sul- 
phurice are China, Dutch India, the Straits Settlements 
and Hongkong. In 1916, 17,000,000 kin of sulphuric 
acid valued at 1,000,000 yen was exported to Russia, 
representing 40 per cent in quantity and 60 per cent 
in value of the total export, but in 1917 the export to 
Asiatic Russia fell to 29,000 yen and in 1918 to only 
200 yen. 

Some quantity of sulphuric acid was exported to 
Sweden, Siam, the United States and Hawaii in 1915, 
but the export has ceased since 1916. In 1917, 90,000 yen 
of acid was exported to Egypt and 80,000 yen in 1918. 
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By WELLINGTON GUSTIN 
Armour Fertilizer Works Not in Contempt 


Judgment has been reversed, in the contempt case 
instituted by the State Solicitor General of the Atlanta 
circuit against the Morris Fertilizer Co., and involving 
the Armour Fertilizer Works, by the Supreme Court of 
Georgia. Action in this matter seeking to enjoin and 
abate the fertilizer works of these companies in Fulton 
County. Georgia, as a nuisance, was begun in December, 
1917. In the court proceedings only the Morris Fer- 
tilizer Co. was named as defendant, and a temporary 
order was obtained restraining it “from permitting any 
poisonous or noxious gases or vapors to escape from or 
be carried beyond the ground owned by the defendant 
company, and upon which its plant is located.” This 
order was subsequently modified, in 1918, to read “The 
defendant is restrained from permitting any gases or 
vapors to escape from or be carried beyond the ground 
owned by the defendant company, and upon which its 
plant is located, so as to constitute a nuisance, etc.” 

It appears that Armour Fertilizer Works was never 
joined as a defendant, but subsequent to the court 
order an agreement was entered into between the 
Solicitor General for Atlanta and both defendant Mor- 
ris Fertilizer Co. and Armour Fertilizer Works in which 
the Armour Fertilizer Works agreed to abide by the 
terms of the injunction issued against Morris Fer- 
tilizer Co. Upon the application of the Solicitor General 
and by consent of the Morris company the contract, by 
order of the court, was made a part of the court record 
in the case. The Armour Fertilizer Works did not join 
in this application, and did not consent to the court’s 
order. 


BoTH COMPANIES CITED FOR CONTEMPT 


Later the state filed an application for attachment 
against both the fertilizer companies for contempt of 
court by violation of the restraining orders, and the 
Armour Fertilizer Works was adjudicated a party 
defendant. Both of the companies demurred to the 
state’s petition and their demurrers were overruled 
in the trial court, and they took the case, by error, 
to the Supreme Court of Georgia. Here this court held 
that the Armour company was not a party to the cause, 
and was not bound by the judgment of record therein, 
either (1) by voluntary contract, (2) by order of the 
court, or (3) by estoppel; and this is true, although the 
Solicitor General for Atlanta contemplated the filing of 
a separate suit against the company to enjoin its works 
as a nuisance, 

On the application for attachment for contempt, the 
court said such a proceeding in which the defendant 
and one not a party to the case are joined as respondents, 
and in which acts of the defendant and that person 
are alleged to constitute, jointly and severally, a con- 
tempt, is not good because of misjoinder of parties 
defendant and misjoinder of causes of action. 

Regarding the agreement between the parties, the 
most that can be said is that though the state con- 
templated filing a separate petition to abate the Armour 
factory as a nuisance, the contract was made in settle- 
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ment of a contemplated suit. A controversy is not a 
suit, and an agreement with reference thereto, though 
intended as a final settlement thereof, is merely a con- 
tract, and not a judgment of the court. The Armour 
company could not be held to be a party defendant by 
estoppel, upon the ground that the making of the con- 
tract prevented the filing by the state of a separate 
suit against it, praying that its factory be enjoined and 
abated as a nuisance. 
The judgment was reversed. 


Oral Evidence Inadmissible to Transform Sale by 
Description Into One by Sample 


Some important points of information for the trade 
have been brought out by the Appellate Division of the 
Supreme Court of New York in the action of the 
American Aniline Products, Inc., against Mitsui & 
Co., Ltd. 

Aniline Products brought its action to recover on 
three contracts for the sale to Mitsui & Co., Ltd., of 
a quantity of dyes, which the exporter refused to accept 
or pay for. The latter admitted giving the orders, each 
of which was alike except as to dates, quantity of dyes 
and dates of shipment, and that the Aniline company 
accepted them. It was further admitted that the dyes 
should be packed in barrels of 400 to 500 lb. net each, 
instead of 100 lb. 


SAMPLES OF DYES SUBMITTED 


Mitsui & Co. defends on the ground that prior to the 
date of the orders, as it alleges, the Aniline company 
submitted to it a certain sample of dye, and offered to 
sell to it dyes according to such sample, and represented 
and agreed and warranted that deliveries of dyes under 
orders thereafter received from it would be equal in 
dyeing strength, color, quality and all other respects to 
the sample submitted; that relying upon this it gave 
the Aniline company its export orders for the dyes 
referred to in the complaint. Mitsui & Co. further 
alleged that when the Aniline company notified it of 
intention to deliver certain dyestuffs under the orders, 
an examination was made which showed the dyes did 
not correspond with the sample; that thereupon the 
dyes were rejected and Mitsui & Co. refused to accept 
delivery or pay therefor. 

Upon examination of the writing and orders involved, 
it was found that such contained no reference to a sale 
by sample, nor did they contain any express warranty 
as to strength, color or quality. The important proposi- 
tion in the case, therefore, was whether the exporter 
could show, by evidence outside the writings sued upon 
by the Aniline company, that the dyes were warranted 
to correspond in all respects with a sample. 


EVIDENCE OF SALE BY SAMPLE RULED OUT 


While oral statements will not be permitted to change 
or vary the terms of a written agreement, yet this rule 
of law does not operate to prevent one from showing a 
prior, independent and collateral agreement, said the 
court. Now, while the agreement alleged in the 
exporter’s defense to the suit was a prior one, it is 
neither independent nor collateral, for it touched upon 
at least one element in the written order and agreement. 
That element was the quality of the article sold. The 
writing shows a sale by description, being ‘“Amacid 
Blue Black KN,” and therefore the obligation of the 
seller was merely to deliver goods to that description of 
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merchantable quality, ruled the court. In a sale by 
sample, the bulk must correspond in quality with the 
sample. To attempt to transform a sale by description 
into one by sample is to attempt to vary the obligation 
of the seller as to the quality of the article to be 
delivered. This cannot be done, said the court. (89 N. 
E., 365.) Therefore evidence as to a sale by sample 
was permitted in evidence, as it would result in 
varying a written agreement by parol evidence. 

However, the court held that upon the trial either 
party would be at liberty, by word of mouth, to define 
the term “Amacid Blue Black KN.” The rule of law 
is that when a term of a written contract requires 
definition in order to make its meaning clear, and such 
definition is not found in the writing itself, it is always 
permissible to give that definition by extrinsic evidence. 
For such evidence does not vary the meaning of the 
writing, but, on the contrary, discloses the full mean- 
ing of the parties to the instrument. 


not 


Regulation Upheld for Computing Drawback 
Due Exporters 

Section 22 of the act of Congress effective Aug. 27, 
1894 (28 Stat., 509, 551) provides as follows: 

“That where imported materials on which duties have 
been paid are used in the manufacture of articles manu- 
factured or produced in the United States, there shall 
be allowed on the exportation of such articles a draw- 
back equal in amount to the duties paid on the materials 
used, less 1 percentum of such duties . . .” 

It is further provided in the section that the draw- 
back due thereon shall be paid to the manufacturer, 
producer or exporter “under such regulations as the 
Secretary of the Treasury shall prescribe.” 

Under this section the National Lead Co. brought suit 
against the United States to recover the difference 
between the amount of drawback Allowed by the Govern- 
ment to the company, as an exporter of linseed oil cake; 
and the amount to which it claims to be entitled. 

The National Lead Co. imported large quantities of 
linseed upon which it paid a specific duty: of 20c. per 
bushel of 56 lb. This seed, when treated by a simple 
process, vielded about 20 lb. of linseed oil and about 36 
lb. of linseed oil cake to the bushel. The oil was much 
more valuable than the oil cake, the latter being com- 
posed of the solid substance of the seed and a small 
amount of oil not recovered, which made it valuable as 
a feed for stock. It is a byproduct and, except for the 
small amount of oil in it, would be mere waste. The 
company exported large quantities of oil cake derived 
from seed which it had imported and made demand for 
the drawback provided for by the act of Congress. 

In rendering its decision on the United 
States Court of Claims found that: 

1861, to the present time the practice 
of the Treasury Department, where several articles are 
manufactured 


case the 


“From Aug. 5. 


from the same imported material, has 
been to calculate and to pay the drawback by dis- 
tributing the duty paid on the imported material 


between such articles in proportion to the value and not 
in proportion to their weight, as well where the imported 
material paid a specific as well as where it paid an ad 
valorem duty. Such calculation and payment had been 
made under Treasury Department regulations.” 

The company appealed its case to the Supreme Court 
of the United States, which has just handed down its 
decision. The company claimed that the correct con- 


struction of the section requires that the drawback 
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should be computed on the basis of the weights of the 
oil and oil cake derived by the process of manufacture 
from the seed, instead of on the basis of the values of 
the two products, as it was computed by the Government. 
Hence the question presented to the court was whether 
the department regulation is a valid interpretation of 
the statute. 

The act provides that the drawback allowed shall be 
“equal in amount to the duties paid on the material 
used,” less 1 percentum. Now, what was the amount of 
duty paid on the small amount of oil and on the large 
amount of solid substance, the hull and the fiber, which 
made up the exported oil cake? Was it substantially 
two-thirds of the total, determined by weight—on 36 
of 56 lb.--or was it about one-fourth of the total as 
determined by the relative values of the oil and of 
the oil cake derived from the seed? 


SUPREME COUR? UPHOLDS REGULATION 

The terms of the statute show that the contingency 
of having one kind of dutiable material, from which two 
or more kinds of manufactured products might be de- 
rived, is not specifically provided for. The statute, thus 
indefinite if not ambiguous, called for construction by 
the Treasury Department and the regulation adopted 
to cover such cases as here presented was commended 
and upheld by the Supreme Court. 

It savs that Congress did not intend that two-thirds 
of the duty should be returned when one-quarter in 
value of the manufactured product should be exported; 
or that the exporter should retain 20 lb. of oil, esti- 
mated to be worth about T4c. a lb., derived from 
each bushel of seed, and recover two-thirds of the duty 
paid when he exported 36 lb. of seed cake, worth slightly 
more than Ic. a lb., derived from the same bushel of 
seed. But such results would follow if the contentions 
of the exporter were upheld. 

This case is important in that it attacks a regulation 
of the Treasury Department which has had an exten- 
sive and long-continued application to imported and 
exported material other than such as are here involved. 


Seller’s Representations Amount to Warranty 


The Supreme Court of North Carolina has ordered a 
new trial in the suit of Swift & Co. against I. M. 
Meekins and others. The plaintiff sued to recover on a 
note of defendant given for the purchase of fertilizer. 
Defendant set up a counter-claim for breach of war- 
ranty as to the quality of the fertilizer. 

It appears that defendant purchased forty tons of 
fertilizer, analyzing 5-7-0, and ten tons of acid phos- 
phate. Meekins testified that seller’s agent, at the time 
of sale of the fertilizer, stated that it was as good as 
any of the same analysis sold to be used for cotton 
and corn, and was as good fertilizer as there was on 
the market, and that Swift & Co. would sell it cheaper 
on account of their output from their packing house. 
The Supreme Court said these statements amounted 
to a warranty as a matter of law. It is not necessary 
that the language should be intentionally false or that 
there should have been any purpose to deceive. The 


positive representation by a seller that the article sold 
possesses a certain value and certain qualities amounts 
to a warranty, and the purchaser may set up the breach 
of warranty and reduce the sum claimed by the differ- 
ence between the contract price and the actual value, 
although there was no deceit in the sale. 
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Scientific Control of the Filter Station—IV 





A Discussion of Methods Used in Discharging Filter Cake From Presses—Points on Handling Difficultly 
Discharged Materials—Reverse Current Discharge—Use of Air, Steam, Water and 
Scrapers—Filtrate and Cake Capacity Ratings—The Economy Curve* 


By ARTHUR WRIGHT, M.E. 





ISCHARGING the cake is in many respects the 
keynote of efficiency in filter operation. Any 
type filter that cannot be operated so as to keep 

the cloths in a free filtering condition for recurring runs 
is not cnly inefficient but a makeshift. Let clarification, 
washing or drying be faulty and discharge satisfactory, 
the filters can still operate with a certain degree of 
economy. More filters are operating poorly by reason 
of incomplete or time-consuming discharge of the cake 
than for any other reason, and too many of them need- 
lessly so. 

The fundamental principle in discharging the cakes 
from filters using fabric as the medium is that the cake 
shall cleave away from the cloth. In filter press opera- 
tion this is indicated by the cakes falling out of the 
frames as the operators move up the successive frames. 
In modern type filters it is demonstrated when the re- 
verse current of a discharging agent—compressed air, 
steam, water, etc.—disengages the cakes from the cloths 
and allows the solids to fall by gravity or to be removed 
by a scraper. In sluicing discharge machines the prin- 
ciple is again proved when the water jet is able to sweep 
the entire cake away from the cloth. 


DIFFICULTLY DISCHARGED MATERIALS 


When handling materials that cannot be effectively 
discharged, those filters in which the cloth can be most 
easily removed and replaced by clean cloths are the best 
the market affords. Fortunately many materials hither- 
to resisting all methods of effective discharge are today, 
by reason of our better knowledge of the art, satisfac- 
torily handled. There can be no refutation to the fact 
that inefficient operation of filters paves the way for 
substitute methods of clarification—decantation, flota- 
tion, centrifugating, etc——and faulty discharging dis- 
credits filter operation most severely. 

As was pointed out in the first article of this series, 
dense filter cloths are not good mediums for best filter 
operation. We have come to realize that the filter cloth 
is best designed when used as an auxiliary filter medium, 
so that we need no longer choose a filter cloth solely for 
its clarification properties. This fact alone is responsi- 
ble for a considerable advance in the better discharge 
from many installations. No explanation is necessary 
as to the reason for this. It is apparent that dense 
cloths retain particles caught in its pores much more 
than thin or open weave cloths. 

Open cloths have a further advantage in that they 
allow the reverse current of the discharging agent to 
exert a greater force in disengaging the cake from the 
filter medium than do dense cloths. The latter balloon 
out with the introduction of the discharging agent and 
prevent discharge of the solids—in fact, support the 





cakes and allow but little of the reverse air or steam 
to act upon the cakes. 

The effectiveness of the discharge is often inaccu- 
rately indicated by an observation of the surface of 
the cloth. The rate of flow on the next cycle is the best 
proof of the thoroughness of the cleaning action. Some 
operators working on a granular material see the cake 
fall from the filter cloth the moment the pressure is 
released and see no need of further cleaning the cloths 
by reverse currents. To see those filters hung up while 
the leaves are taken out and hand scrubbed proves the 
utter inadequacy of the discharge. To leave only a 
minute film upon the cloth will in time necessitate 
strenuous methods in order to regain the original 
porosity. Thorough discharge is required at all times. 

REVERSE CURRENT DISCHARGE 

Some of the most marked advances in filtration are 
due to the introduction of those continuous filters which 
employ reverse current discharge. Filters working on 
sodium carbonate, free-filtering calcium carbonate or 
gypsum may not require this means of discharge by 
reason of their extremely granular or free-filtering 
characteristics, but cement slurries, kaolin and other 
finely divided materials are inapplicable without this 
means of discharge. If some of this kind of material 
is left on the cloth, recurring filtration causes fine par- 
ticles to wedge into the deposit and a scale-like, im- 
penetrable mass results and most effectively blocks off 
further filtration. 

The advantage in the use of compressed air, steam 
or water as the discharging agent is dependent upon 
local conditions. In leaf filters reverse current through 
the leaves while they are submerged is often more effi- 
cacious than the same current through the leaves sus- 
pended in the atmosphere. There is a good reason for 
this, for with the submerged leaves the water has an 
opportunity of getting underneath the cake and helps 
release the cake when the air current issues through the 
cloth. 

Some operators are quick to condemn reverse current 
discharge because it will in some cases clear small areas 
on the leaves and leave the remainder undischarged. It 
is true that if the air can escape through a part of the 
cake it will not issue through the rest of the leaf forci- 
bly enough to release the cake. Such conditions indi- 
cate, however, that either too dense a cloth is being used 
or else that there is some tenacious constituent in the 
cake which defies discharge. In this respect it is well 
to point out the analogy between the nap on the surface 
of a cotton or cellulose filter cloth and the hair used in 
plaster for wall and ceilings. Each has a binding action 
and the nap of the filter cloth is a big factor in causing 
ineffective discharge, so that metallic fabrics are often 
advantageous just for this point alone. 

It cannot be too strongly emphasized that automatic 
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discharge from leaf type filters is due to the combina- 
tion of the releasing the cake from the cloth and the 
fall of the material due to gravity. Therefore any im- 
pediment that blocks either factor jeopardizes the dis- 
charge. have a relatively high tensile 
strength—are leathery in texture—so that the mere 
bridging over of the cake at the top of the leaves is suf- 
ficient to hold those cakes from discharging. In such 
cases it is good practice to coat over or cover the rim 
of the leaves and prevent filtration at this point so that 
no bridging effect is possible. The same is true of any 
obstruction which tends to hold the cake, such as bulky 
lugs in Sweetland filters, unflattened 
drainage pipes in leaf construction, etc. If, therefore, 
the reverse current of compressed air is ineffective in 
releasing the cake from the surface of the cloth, if the 
cake is of too small a bulk, or is prevented from falling 
by some obstruction, the discharge will be unsatisfac- 
tory. 


Some cakes 


side aligning 


USE OF AIR, STEAM, WATER OR SCRAPER 


Determining whether to use compressed air, steam 
or water, etc., as the agent for discharge, is a matter 
decided in light of local conditions. Generally 
speaking, however, compressed air is the best. Its 
pressure is easily controlled, it adds no moisture to the 
discharge cake and its temperature has no deleterious 
effects on the filter cloth. It does, of course, have a 
cooling action and when handling hot liquor it may then 
be that steam can be substituted to better advantage. 
Steam has its good points, especially in that the cake, 
always being cooler than the steam, causes a slight con- 
densation at the inner surface of the cake which often 
lubricates the surface of the filter cloth and facilitates 
discharge. Water or any liquid is in a sense the best 
reverse current because it more forcibly pushes the 
cake from the cloth, but its use is obviously limited. 
Unless the leaves are submerged, the water will often 
fail to remove the upper parts of the cake before it 
issues through the cloth at the bottom of the leaves 
and never issue through the upper areas. 

When the cakes are thin and have not sufficient bulk 
to fall of their own weight, when released by the com- 
pressed air, discharge from leaf filters is impractical 
without submerging the leaves or without using scrap- 
ing methods. If the latter must be resorted to, it must 
be realized that the scraper has the tendency to smear 
the cake into the pores of the cloth unless the reverse 
current of air is operating at the same time. This is the 
basic reason for the efficiency of discharge in continuous 
vacuum filters and in the automatic discharge plate and 
frame presses. 


best 


THICKNESS OF CAKE 

Often thin cakes are held to be incapable of discharge 
by reverse current methods, whereas the trouble lies in 
the construction of the filter leaves. When the reverse 
current of compressed air is first turned into the leaves, 
the effect is to balloon out the filter bags, especially with 
dense cloths. When the bag is distended, the upper 
part of the bag supports the cakes from falling, even 
though the reverse air has efficiently disengaged the 
cake from the cloth. This is, obviously, a contrary con- 
dition for the best discharge of the cake. It is mini- 
mized by securing the cloth to the leaves at intervals 
across the entire area of each leaf or by lateral stitch- 
ing of the cloths forming pockets into which wooden 
slat, etc., drainage members are inserted. Then the 
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ballooning effect is decreased sufficiently that the dis- 
charge of the cake is just as efficient at the top of the 
leaf as at the bottom. In continuous vacuum filters the 
sections are narrow enough and the wire winding is 
spaced close enough that ballooning of the cloth gives 
no trouble with these machines. 

Very thin cakes are difficult to discharge, but do not 
offer the difficulties encountered in discharging cakes 
that are too thick. In leaf filtration cakes are too thick 
only when adjacent cakes touch each other. Such a 
condition is diametrically opposite to the theory of oper- 
ation in this type of filter. It is fundamental that a 
space remain between adjacent cakes that there may 
be room for the free fall of the cakes when released 
from the filter medium. When the entire space be- 
tween leaves is filled with cake, it is rarely that the 
cakes can be discharged. Overcharging of a leaf filter 
is bad operation and indicative of poor control. If it 
were that the extra time required for discharge were 
its only disadvantage it would not be so necessary to 
emphasize this point. But overcharging is productive 
of warped leaves and they kill any hope of efficient 
filtration. 

FILTRATE AND CAKE RATING 


Overcharging is due either to too long a filtering cycle 
or to too narrow spacing of the filter leaves. Either 
condition is easily controlled and good filter operation 
demands the prompt eradication of those conditions. 
There are liquors which as the precipitate is commonly 
formed contain too high a percentage of free-filtering 
material to be easily controlled in leaf type filters. 
Wherever possible, these materials should be handled in 
continuous type filters, which are more adaptable to 
this class of work, but where temperature, acid content, 
etc., call for leaf filters, the widest practical spacing 
should be employed, and if the solids still build too 
freely, then the liquid content of the material should 
be increased by returning some of the filtrate. 

Consideration of overcharging brings out the point 
too often overlooked, namely, that the rating or duty of 
a filter can be either in terms of filtrate delivered or in 
cake built up. With very free-filtering materials the 
latter view is the safer, and while it must be measured 
by the quantity of filtrate delivered or by the time of 
filtering, it is the prime consideration, for seldom is 
the economical limit of filtration for such materials 
reached by waiting for the filtrate to decrease in flow 
to its economical limit. To do so would build up a cake 
too voluminous and heavy for the best operation both 
as regards washing and discharging. In design Sweet- 
land type filters are admirably adapted for those solids 
which easily fall from the leaves, for the lower half of 
the machine opens away from the leaves which do not 
have to move the cakes. In practice, however, the cake 
in the lower half is often a load in excess of the power 
of the operating cylinder and makes for dangerous 
banging of the counter-weights against the shell. Also, 
the cake remaining in the lower half has to be removed 
by hoeing, it out by hand or hosing it out with water. 

When filters are working on liquors containing a 
small percentage of solids they are better known as 
clarifiers. In this class of work the solids build up to 
form only a thin coating on the cloth and a discharge by 
reverse current methods in leaf filters or any discharge 
in continuous filters is impracticable. The customary 
method is to sluice the solids off the filter cloth by forci- 
bly spraying water on the surface of the cloth. This is 
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efficient when the solids have not penetrated the pores 
of the cloth. Success of such methods is evidenced by 
the record of the Merrill plate and frame presses in 
the cyanide industry and Sweetland filters in cane sugar 
refineries. In both of these filters the sluicing is done 
by rocking the sluicing pipe or manifold back and forth 
so as to project the sluicing streams over the entire 
surface of the cloth. This operation is invariably done 
without opening the filter and in respect to cleanliness 
of operation is distinctly advantageous. 


PRE-COATING AIDS DISCHARGE 


With most materials that are handled in clarifiers 
and which tend to clog the pores of the filter medium it 
is indispensable to build up an auxiliary filter medium 
upon the cloth before commencing the clarifying opera- 
tion. This medium has been described in the article 
on Clarification as a “‘pre-coat,” and inasmuch as the 
pre-coat is easily sluiced from the cloth its advantages 
are obvious. In sluicing discharge there are two points 
which must not be overlooked. The sluicing streams 
must be directed to the cloth with sufficient force to 
remove the solids and the water must not be allowed 
to collect in the filter so as to submerge a part of the 
leaves. Both points should be covered in the design of 
the machine, but where an ordinary filter is being used 
as a clarifier the nozzles must be spaced and aligned 
correctly with the limits of the lateral travel fixed. The 
drainage at the bottom should be unrestricted and if 
necessary two drainage openings should be used. 

The discharge from gravity tank filters has usually 











been by the laborious methods of hand shoveling. It is 
TABLE I 
~ s x 
s-] 26 E ca i - a 2 

= ze 2 a ec gt es § : 
9:00 0 0 0.0 0.0 0 0 0 Filling 
9:05 0 0 0.0 0.0 0 0 6 Filtering 
9:08 3 3 15.0 15.0 10 «182 = 32) Clear 

9:10 5 2 25.0 10.0 12 182 ~—- 32 

9:15 0 5 46.0 21.0 16 «= 181.532 

9:20 15 5 63.5 17.5 20 «18ls 32 

9:22 17 2 71.0 7.5 22 +181 32 Pump stopped 
10:27 17 0 71.0 0.0 0 Pump repaired 
10:30 «©2003 78.0 7.0 25 #179 «== «32 
10:35 2505 90.0 12.0 25 «179~=—«(32 
10:40 «305 100.25 1025 25 178 32 
10:45 35 5 108 75 8 5 25 #178 = 32 
10:50 40 5 114.75 6.9 25 #4177~—( 32 
10:55 45 5 119. 25 45 25. #4177~—(32 
11:00 «505 123.25 40 25 176 32 
11:05 555 127.0 375 25 176 32 Filtered 
11:10 0 oO 0.0 0.0 10 Washing 
11:15 5 CS 6.0 6 0 30 «:176—S 32 
11:18 8 3 10 5 45 30 0«177,—i—i0'S 
11:20 10 2 13.5 3.0 30 2«4177——~—O=3 
11:22 10 2 18.9 3.5 30 «178~—9 
1:24 12 2 20.5 45 30 2«179—Sss22 
11:26 14 2 28.5 6.0 30 =—«180 8 
11:28 «6162 36.5 8.0 36 «180 3 
11:30 «182 45.0 8 5 30 «1B 05 
11:32 202 54.0 9.0 30-182 0 Stop 
11:34 0 oO 0.0 00 10 Drying 
11-37 3 3 10.0 10.0 28 Dried 
11:47 10 Discharged 

COMPUTATIONS 
rare 


5 minutes filling 

5 minutes draining excess and filling with wash water 
20 minutes washing 

2 minutes draining excess water 

3 minutes drying 

10 minutes discharging 


45 minutes 
Points on curve 
45 minutes tare 
5 minutes filtering 
50 minutes cycle; 25 gal. flow divided by 50 minutes equals 0.5 gal 
per minute 
45 minutes tare 
40 minutes filtering 
85 minutes cycle 


114.75 gallons ‘low divided by 85 minutes equals 
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simple, however, to rig up automatic means, especially 
if wet discharge is not objectionable. All that is re- 
quired is a drainage opening and to forcibly eject the 
cake with a water hose. It is also possible to discharge 
the solids mechanically by using a rotating raking device 
that can be lifted free of the liquor level while filtration 
and washing take place and that can be lowered into 
the cake when ready for discharging. The weight of 
the rakes will be fed sufficient to plow into the solids. 
The rakes must, of course, be designed to move the 
mud toward the outlet provided in the tank. 


THE ECONOMY CURVE 


One of the most illuminating graphs arising from 
modern filtration developments is that known as the 

















economy curve. Engineers will be struck with the 
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similarity of this with that of the conventional ‘“char- 
acteristic’ curve of centrifugal pumps. The point of 
flexure is in both cases the economical limit. In the 
filtration curve it marks the limit of economical filter- 
ing cycle more positively than any other curve. While 
in practice the amount of liquor handled per shift may 
be said to be an infallible proof of the best working 
of the filters, the experimenter has this means of pre- 
dicting that cycle productive of maximum capacity and 
it is more for his benefit that the curve is insisted upon 
in good laboratories. 

The points on the curve are computations of the rate 
of flow per minute for each cycle when it is assumed 
that the tare of the cycle remains constant and that 
each successive point on the curve is the flow for the 
cycle if the filtering cycle had ended at that period. The 
assumption that the tare is constant is based on the fact 
that the time of filling the filter preparatory to filtering 
the liquor is a constant, that the time of withdrawing 
the excess unfiltered liquor and admitting the wash 
water is almost constant irrespective of the amount of 
cake deposited, that the withdrawal of the excess wash 
water takes practically the same time for varying filter- 
ing cycles and that the drying, discharging operations 
and closing up the filter again are practically 
stants. The time of washing the cakes is a variable with 
widely differing amounts of cake deposited, but in prac- 
tice the variation in the length of the washing period is 
small and for the purpose of this curve can be taken as 
a constant. 

Table I is the form in which it is found most con- 
venient to record the date of a test and from it is com- 
puted the points outlining the accompanying curve. 


con- 


(Part V, General Discussion and Auviliaries, will be 
published in a subsequent issue.) 
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The Potentiometer in Pyrometry 
By CHARLES P, FREY* 


| R. GEORGE SIMON OHM published what was 
originally called “a remarkable mathematical the- 
ory” in 1827, and aroused a storm of discussion. It 
was not until about 1841, when the Copley Medal was 
awarded to him by the Royal Society of England, that 
his “theory” was accepted as an axiom, and the impor- 
tance of his contribution to science fully recognized. 
Ever since, physicists have labored to establish funda- 
mental units of resistance, current and voltage, and to 
secure their general adoption. 


FUNDAMENTAL UNITS 


Necessarily, the unit of resistance had to be based 
upon the physical characteristics of materials; and 
after much experimenting and discussion the resistance 
of a column of mercury 106.3 cm. long and 14.4521 g. in 
mass, having a constant sectional area at 0 deg. C., was 
adopted and appropriately called the international ohm. 

It remains a matter of controversy whether the volt 
or the ampere can be more easily determined. Since 
absolute measurements are impossible, the deposition of 
silver was advocated by many as a medium for current 
determinations, and the ampere is defined as that current 
which will deposit 0.001118 g. of silver per second. The 
electromotive force which will produce such a current, 
when applied to a conductor having one international 
ohm resistance, must necessarily be one volt. 

The volt, or unit of electromotive force, can now be 
established with great accuracy by the proper construc- 
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POTENTIOMETRIC PRINCIPLE 

tion of cadmium sulphate cells. The ohm can also be 
produced in practical form by the substitution of the 
alloy manganin for mercury. 


THE POTENTIOMETER 


By means of a potentiometer, comparisons of emf. 
made with extracrdinary precision. The prin- 
ciple of the potentiometer may be demonstrated as fol- 
lows, referring to Fig. 1: 

A constant current flows from battery S through a 
resistor ABRC!), of uniform cross-section. A _ potential 
difference is therefore established between the extremes, 
and between any two points from A to D. 

If S' is a cell, the known emf. of which is less than 


can be 
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that of S, a balance may be obtained when the contactor 
B connects at a point on the wire found by trial. At 
that time no current flows through the galvanometer 
G, with the circuit closed by means of key K. When 
this is the case, the potential between A and B will be 
equal to the emf. of the cell S'. The emf. of the cell 
S* may then be compared with the emf. of S* by mov- 
ing C, and when balanced, S’ : S' :: AC : AB, in terms 
of the emf. of S’. 

The significant feature cf this test is the number of 
unknown values permissible. The current through the 
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FIG. 2. CURRENT MEASUREMENT BY POTENTIOMETRIC 
METHOD 
feeder circuit including AD, the emf. of S, the re- 


sistance of the slide wire and the sensitivity of the 
galvanometers may all be ignored. 

All potentiometers, even the most elaborate and intri- 
cate, embody the above principle and depend upon a 
balance between a known potential and a potential which 
may be indeterminate. The potentiometer in practical 
form usually has a calibrated scale which permits direct 
readings of voltage, or in pyrometry, of temperature 
equivalents; and by the introduction of proper switches 
only one galvanometer is required. 

In all exact quantitative potentiometer measurements 
it is necessary that the known emf. has been deter- 
mined with the utmost exactness and that it is not 
subject to variations. It is also requisite that the gal- 
vanometer is sufficiently sensitive so that when its needle 
becomes stationary a balance of forces has actually been 
established. 

CURRENT DETERMINATIONS 


The potentiometer may also be used for the measure- 
ment of current with great accuracy by the “fall of 
potential” method or “drop” across the terminals of a 
shunt. 

For instance, if the resistance of the shunt in Fig. 2 
is known, the current is determined by finding the drop 
across EF. This method is necessarily in the nature of 
laboratory testing and is not direct reading. 

By the substitution of a deflecting millivoltmeter in 
place of the potentiometer, direct indications may be 
obtained in current measurements, as shown in Fig. 3. 

The millivoltmeter scale may be calibrated to indi- 
cate amperes, since the current through its movable 
coil must necessarily be a definite part of the total cur- 
rent undergoing measurement. In this test, the milli- 


voltmeter indications will be a direct index of the drop 
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across P-P’, provided the instrument resistance is suf- 
ficiently high not to materially reduce the circuit resist- 
ance, as a whole, by its own conductivity. 


THE MOVABLE CorL GALVANOMETER 


Nearly all direct current ammeters, as well as volt- 
meters, millivoltmeters, galvanometers and pyrometers 
operating on the movable coil principle, are based on the 
original investigations of Ampere in 1820.* And it is 
appropriate to state that all measurements depending 
upon galvanometers are essentially current measure- 
ments, although scale readings may be interpreted in 
volt, ohm, temperature or resistance equivalents. 

The degree of accuracy attainable with a deflection 
galvanometer depends upon the extent of the deflection, 
also upon the permanence of the magnetic field and the 
constancy of the controlling forces, such as gravity and 
the retarding torque of metallic conducting springs or 
suspension fibers. The temperature coefficients of the 
conductors are also factors, but errors from such sources 
can be practically eliminated by the use of properly 
proportioned materials. 

SUBSTITUTION CHECKS 

In the employment of any measurement apparatus, 
confidence in the accuracy of its indications is neces- 
sary if practical results are desired. Yet if doubt exists, 
there is always one comparatively easy method by which 
a check can be made, which is by substitution. Standard 
weights can be interchanged, thermometers can be read 
while subjected to the same temperature, two or more 
millivoltmeters can be connected in multiple, shunts 
can be checked in series and standard cells can be 
fested »y the opposition method or by replacement. 


POTENTIOMETERS FOR PYROMETRY 


In the selection of a potentiometer best adapted to 
the requirements of pyrometry, consideration should 
be given to the fact that since it cannot be adjusted and 
then read as quickly as the indications of a deflection 
instrument can be observed, there remains only one 
reason for its employment, which is on the score of 
greater accuracy. It also should be designed to be con- 
venient for the measurement of emf.’s which are almost 
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invariably less than 0.05 volt, and have a scale which 
is not only extremely accurate in its calibration, but 
which in addition is long enough, or as it is called, 
sufficiently “open,” to permit small differences in poten- 
tial to be determined with rapidity and precision. If, 
for instance, such a scale has a length of only about 
10 in., and is calibrated to have a range of 0 to 50 
millivolts, one millivolt will have a scale length of about 


*See 
ENu., 
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5 mm., or 4 of aninch. Therefore, even if such an instru- 
ment is used for measurements near the upper end of 
the scale and it is possible to read by interpolation to 
‘s scale division, the extreme limit of accuracy, with 
no allowance for what is called the personal equation, 
or error in observation, will be 4 of 1 per cent. 

Taking into consideration the fact that a platinum 
platinum-rhodium standard couple develops only 5.95 
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millivolts at a temperature of 1,200 deg. F., it is evident 
that such an emf. cannot be read with extreme accuracy 
on a scale which is too short to be sufficiently sub- 
divided. 

The scale in the newly developed Brown potentiometer 
overcomes this objection, since it is 7 ft. 10 in. in length, 
inscribed spirally upon a drum. The drum wire is 
wound upon a corresponding insulated cylinder mounted 
on the same axle and rotating with the scale drum. 

The fundamental principle of this instrument may be 
readily understood by reference to Fig. 4, which illus- 
trates the scheme of an ordinary portable potentiometer. 
A constant current from the plus side of a small dry cell 
flows continuously through the rheostats R and R’, the 
ballast coil J, the slide wire CAB, and the resistor T, 
back to the cell. The current through this circuit is 
regulated by means of the rheostats R and R’' so that 
the emf. between C and F will equal the emf. of a 
selected standard cell. When this is the case the poten- 
tial drop of the slide wire CAB will have a prede- 
termined value in millivolts between its extremes. 

By connecting a source of current at FE, its emf. can 
be determined by balancing it against a suitable part 
of the emf. of the slide wire. When these cylinders 
are rotated by means of a knob, an index moves across 
the scale. The motion of this index is synchronized so 
that the position of a contactor on the slide wire coin- 
cides with a corresponding position of the scale index. 


THE STANDARD CELL 


Since the accuracy of these potentiometers depends 
directly upon the emf. of the standard cell, great care 
has been given to secure satisfactory ones. They con- 
form with the recommendations of the Bureau of 
Standards and are of the type known as unsaturated. 

The Weston normal cell, invented by Edward Weston, 
containing a saturated solution of cadmium sulphate, 
was adopted by the Bureau of Standards in 1911 as the 
standard of emf.; E = 1.01830 international volts at 
20 deg. C. Saturated cells, if extreme precautions are 
adopted in their construction, can be produced from 
different materials and agree within a few parts in 
. 100,000, but owing to the fact that they have a small 
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coefficient (approximately —0.00004 per 
deg. C.) they are not preferable for practical measure- 
ments, independent of temperature variations. 

Another cell, also the invention of Dr. Weston, is iden- 
tical with the normal standard in ingredients except 
that the solution used is diluted instead of being satu- 
rated. The effect of this dilution is to slightly increase 
the emf. and to reduce the temperature coefficient to 
practically zero (—0.00001 per deg. C.). The exact emf. 
of a properly “aged” cell of this type should lie be- 
tween 1.0184 and 1.0190 volts, and its voltage will re- 
main constant within 0.01 per cent for years, provided 
the cell is not short-circuited or otherwise abused. 

Since in unsaturated cells the density of the solution 
affects the emf., this gives manufacturers of precision 
instruments the advantage of employing cells which are 
alike in emf. and which may be therefore inter- 
changed. A further advantage lies in the fact that the 
constant emf. of these cells simplifies the construction 
of potentiometers, since it obviates the necessity of 
introducing a thermometer and a device to “set” the 
instrument to correspond with a definite voltage at a 
known temperature, which is necessary for precision 
tests if the usual standard cel! is used. 

The cell in the Brown potentiometer is packed in a 
portable case which includes a resistor of about 3,000 
ohms, to prevent damage in case of accidental short- 
circuit. This case can be speedily removed if it is con- 
sidered desirable to have the cell standardized. Mean- 
while, a duplicate cell may be substituted, whose case 
interchanges with the original, so that only two con- 
necting leads need be secured to binding posts. 

A small dry cell is used to furnish current for the 
main circuit. This cell is called “705 Eveready,” and 
can be purchased in any electrical supply store. 


temperature 


CURRENT REQUIREMENTS 
Nearly all portable potentiometers have a drum wire 
of low measuring about 20 ohms. Conse- 
quently, to obtain sufficient “drop” or potential differ- 
ence between its extremes, a comparatively large cur- 


resistance 
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i ) DIAGRAM OF BROWN 
necessary. Therefore, the dry cell which fur- 
this current is constantly falling off in emf., 
due to polarization, and by use is rapidly exhausted. 
Furthermore, the current does not remain steady for 
any length of time and the rheostat requires constant 
resetting to keep the instrument in balance. 

In this new potentiometer (Fig. 5), the drum wire 
has a resistance of 140 to 150 ohms, and the total in- 
strument resistance for 50 millivolts is approximately 
4,175 ohms, including the resistance of the rheostats. 


rent is 
nished 
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This is gradually reduced, by regulating the rheostats, 
to a minimum of about 3,400 ohms, when the dry cell is 
exhausted and must be renewed. The emf. of the dry 
cell is from 1.5 to 1.2 volts, according to its condition, 
and the current required to operate the potentiometer 
is never more than 0.00036 amp. or about one-tenth the 
current required to operate potentiometers of the ordi- 
nary portable type. The result is that the dry cell will 
have a long life (from three to six months, according to 
condition), which is of course an advantage; but what is 
of far greater importance is the fact that the current 
drawn from the dry cell is so small that the cell will 
not polarize and will give a practically constant cur- 
rent, subject only to temperature changes. Consequently 
the potentiometer, after being balanced against the 
standard cell, will remain in balance for hours without 
readjustment. Hence a large number of tests can be 
made in succession with the absolute certainty that there 
will be no errors introduced due to change in the poten- 
tiometer current. 


GALVANOMETER 


In the construction of any instrument in which the 
opposition or “zero” method is employed, a sensitive 
galvanometer is indispensable, in order that it will re- 
spond to minute changes in current. The galvanometer 
has no suspension fibers and the movable coil does not 
turn with an erratic motion, dance or vibrate. It is 
positive in its indications as well as aperiodic in action. 
Its resistance is approximately 150 ohms. 


SENSITIVITY 


If an electromotive force of one volt is impressed on 
a resistor of one megohm (1,000,000 ohms) the flow of 
current will be one-millionth ampere, or one micro- 
ampere. This current, when passed through the mov- 
able system of the Brown portable galvanometer, will 
cause a deflection of 2.8 mm. Stated differently, the 
galvanometer has a guaranteed sensitivity of 2.8 meg- 
ohms (10~ amp.). These remarkable results are obtained 
by using tungsten alloy magnets, a concentrated field 
and a movable system wound with special enamel-insu- 
lated aluminum wire. The weight of this movable sys- 
tem is so slight that it is unaffected by mechanical jars 
in transportation, the pivots remaining sharp under 
all conditions, with no reduction in sensitivity. 


AUTOMATIC COMPENSATION, SINGLE SCALE 


A single scale potentiometer intended exclusively for 
a certain type of thermocouple is calibrated in tempera- 
ture degrees, either Centigrade or Fahrenheit or both, 
and may be automatically compensated for temperature 
changes in the cold ends of the couple. But such an 
instrument can be used only in connection with the type 
of thermocouple for which it has been adjusted and 


cailbrated. 
Philadelphia, Pa. 





Vegetable Oil for Italy 

Recent inquiries have been coming to Japan for 
vegetable oil, due to decrease of imports from Holland, 
and some contracts for export to Italy have already 
been consummated. A considerable quantity of vege- 
table oil was shipped by the N. Y. Y. steamer Wakasa 
Maru, which sailed for Genoa with the Japanese ship- 
ping delegates on board. It is said that the N. Y. Y. 


contemplates in case of regular shipment of oil to Italy, 
sending its ships to Genoa. 
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Chart of Viscosities in Different 
Systems 
By H. G. NEVITT 


ISCOSITY is variously defined as the degree of 

fluidity of a liquid, its internal friction or shearing 
modulus. This property is an important one in many 
liquids, and the primary one in a lubricant, as it is the 
most important indication of its fitness for that pur- 
pose. Viscosity is commonly measured by an instru- 
ment which allows the liquid to flow through an orifice, 
the degree of viscosity being given by the time taken 
by a fixed quantity of liquid to flow through. 

Obviously in the case of any viscosimeter, where the 
time of flow or similar direct reading is taken, the vis- 
cosity factor is a function of the instrument as well as 
the liquid. Attempts to get away from this have been 
made by getting a comparative viscosity, as in the 
Engler method, where the ratio of the time of flow of 
the liquid to that of water is taken, or by obtaining the 
actual shearing force, or absolute viscosity, which is a 
function of the liquid only. 

At the present time there are a number of instru- 
ments and systems used, but the following are the most 
common: 

The Saybolt Universal, or time on Saybolt instrument. 

The Redwood, or time on the Redwood instrument. 

The Engler number or comparative time of flow, with 
water equal to unity. 

The Absolute Viscosity in c.g.s. units. This involves 
the specific gravity as well as the time of flow on an 
instrument, as two liquids of the same time of flow 
but of different densities have different internal shear- 
ing resistances. However, as most liquids being com- 
pared generally have about the same specific gravity, 
this does not cause trouble. 

The confusion that may result from the number of 
systems in use is apparent. This is especially true of 
the export trade, and when dealing with foreign authori- 
ties and data on liquids. In the petroleum industry 
especially, where viscosity is an important and control- 
ling factor in handling some of the distillation fractions, 
the difficulties of knowing more than one system or 
changing over become considerable, if a large number 
of distillations are being compared. In consequence 
we are almost forced to some quick method of compari- 
son, and the graphical seems by far superior. 

To do this the common method of plotting the various 
values reduced to equivalent scales, so the value in any 
other system is read opposite the quantity on the given 
system, is used. The correction for the specific gravity 
in reducing to the absolute system also presents no dif- 
ficulties graphically. 

Any basic scale of laying off the values on the primary 
system may be chosen, but the logarithmic seems best 
for several reasons. It covers a wide range of viscosities 
without too small a scale for reading in the common 
range of values. It also makes the most probable error 
of reading constant in percentage, rather than in 
amount. This is also an advantage in that the error 
of determination is also approximately constant in per- 
centage, so that inconsistencies in reading the chart are 
avoided. By then plotting the co-ordinate lines for 
specific gravity to a logarithmic scale also, the lines for 
variation of absolute viscosity with specific gravity 
become straight and have a constant slope. 

Tampico, Mexico. 





1171 


Gravity, Deg. Baume 





























ABSOLUTE VISCOSITY, Dynes per Sq.Cm. (Scientific Standard ) 
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VISCOSITY CHART 
To obtain equivalent viscosities, read horizontally across 
scales A sheet of paper cut square makes an excellent guide 
Example: : : : 
An oil of 30 deg. Bé. gravity has a viscosity of 200 on aS 
bolt instrument. Read Redwood equivalent as 168; Engler a 
and absolute as 0.328 from the chart, using the 30 deg 


for the 


absolute intersection. 
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The German Works Councils Act 
RECENT issue of the British official Labor Gazette 
£\ contains the following résumé regarding the provi- 
sions of the German works councils act: 

A works council act (Betriebsritegesetz) was passed 
on Jan. 18, 1920, in order to guarantee the general eco- 
nomic interest of workers (manual and non-manual) in 
relation to their employers and to assist the employers 
in carrying out the aims of their undertakings. 

The term “worker” (Arbeitnehmer) covers all man- 
ual and non-manual workers with the exception of 
members of the employer’s family. It does not include 
persons whose employment is not mainly for profit. 

Works councils must be set up in all establishments 
employing as a rule at least twenty workers. -. In 
smaller establishments a works steward must be elected. 
A special works council for outworkers must be set up 
when twenty or more are employed. In order to 
guarantee special economic and social interests, separate 
councils for manual and non-manual workers must be 
set up wherever both classes are represented on the 
works councils. 

COUNCIL MEMBERS ELECTED BY SECRET BALLOT 

Members of the councils are to be elected by direct 
and secret ballot according to the principles of propor- 
tional representation for the year; they shall be eligible 
for re-election. All workers, male and female, of eigh- 
teen years and over, in possession of civil rights have 
the right to vote. All with the right to vote who are 
twenty-four years of age and over, who are not learners 
and who have been at least six months with their em- 
ployer and three years in the industry, are qualified 
for election. 

Rules ure laid down for election procedure, and the 
Federal Minister of Labor, in agreement with the Fed- 
eral Council and a committee of the Reichstag consist- 
ing of twenty-eight members, is empowered to issue 
administrative regulations. 

If a works council has nine or more members it must 
elect from its own members a works committee of five 
persons. 

Provision is made for (1) a central works council 
in addition to, or (2) a joint works council instead 
of individual works councils when interdependent estab- 
lishments are owned by the same firms, etc. 

FUNCTIONS OF WORKS COUNCILS 

In section 66 it is laid down that it shall be the 
function of the works council to help the management 
to secure efficiency; to protect it from unauthorized 
interference, and, failing agreement in disputes, to 
appeal to the conciliation committee or to an arbitra- 
tion board to be agreed on; to fix or modify, in agree- 
ment with the employer, the conditions of service; to 
promote a good understanding between workers and 
employer and to maintain the workers’ right of forming 
associations to take measures to prevent danger to 
health and accidents; and to co-operate in the adminis- 
tration of pensions, housing, or other welfare schemes 
establishment. 


attached to the 


The works council has the right to require the em- 
ployer to give to the works committee information as 
to all the transactions of the establishment which affect 
the contract of service and the activity of the workers 
(provided no business secrets are endangered or legal 
regulations contravened), and to show the wages, books, 
and give other information necessary for carrying out 
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existing collective agreements. The employer must 
supply a quarterly report on the position and progress 
of the undertaking and of the industry in general, as 
well as of the output of the establishment and the 
expected demand for labor. 


PENALTIES OF THE ACT 


Any person who with intent to deceive the workers 
shall give wrong data or conceal correct data in re- 
ports on the financial position is liable to imprison- 
ment not exceeding one year and to a fine not exceeding 
10,000 marks, or to either of those penalties. Any 
person disclosing confidential information given to him 
as a member of a works representative body is liable 
to a fine of not more than 1,500 marks or to impris- 
onment; if convicted of intention to gain financial ad- 
vantage or to injure the employer, heavier penalties 
may be imposed. 

Should the engagement or dismissal of a considera- 
ble number of workers become necessary, the employer 
must as soon as possible discuss with the works com- 
mittee or the works council the nature and extent of 
the necessary changes and the possibility of avoiding 
hardships. 

The functions of the manual and non-manual work- 
ers’ councils are of a more specialized character. They 
include, among many others, the laying down of guid- 
ing rules for the engagement of workers in their group 
in the establishments and co-operation in carrying out 
the regulations as to their discharge. 

The engagement of a worker must not be conditional 
on his political, military, religious, or trade-union views, 
or on his belonging or not belonging to a political, 
religious, or occupational union or to a military asso- 
ciation. The rules must not prescribe that the engage- 
ment shall depend on belonging to a particular na- 
tionality. 

APPEALS AGAINST DISCHARGES 


Provision is made for appeal by the councils against 
the engagement or discharge of workers to the com- 
petent conciliation committee or an arbitration board. 
Discharge without a statement of the reason for it is 
one of the grounds of appeal. 

If the appeal against dismissal is held to be valid, the 
employer must either offer reinstatement or give com- 
pensation for dismissal. The amount of compensation 
is fixed at the rate of one-twelth of the earnings in 
the last year for each year of service, but should not 
in all exceed six-twelfths. Should the worker accept 
reinstatement, the employer must pay him his wage 
or salary for the period between dismissal and rein- 
statement. Should the worker refuse re-employment 
he is entitled only to wage or salary for the period 
between the date of his discharge and the date of the 
conciliation committee’s award. 

Before giving notice of dismissal to a member of 
a works representative body, or before transfer of such 
a worker to another establishment, the employer must 
obtain the consent of the works representative body. 





Membership List of American Chamber of 
Commerce in Mexico 
A printed list of the members of the American 
Chamber of Commerce of Mexico City has been issued 
and can no doubt be obtained on application, address- 
ing American Chamber of Commerce of Mexico, at 2A 
Motolinia 23, Mexico City, Mexico. 
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Use of Paranitraniline to Standardize 
Solutions of Sodium Nitrite 
By WILLIAM H. BELL* 


HE usual method for the analysis of aromatic 

amines, such as anthranilic acid, amino G salt, 
benzidine, dimethylparaphenylenediamine, etc., consists 
in the diazotization of a definite amount of the aromatic 
amine by means of a standard solution of sodium 
nitrite, the end point being ascertained by means of 
starch-iodide paper. The usual procedure is to use an 
M1 (M molecular weight in grams per liter) solu- 
tion of sodium nitrite, which is allowed to fall, drop 
by drop, into a hydrochloric acid solution of the amine. 
It is customary to dilute the amino solution to about 
500 ¢.c., and to maintain it at a temperature of approxi- 
mately 15 deg. C., but these factors vary with each 
individual compound. In some cases, such as aromatic 
amines containing sulphonic or phenol groups, the amine 
is first thrown into the sodium salt, the solution cooled, 
and while stirring vigorously, the compound is precipi- 
tated by means of hydrochloric acid. Since the particles 
come out of solution in fine condition, diazotization is 
greatly facilitated. Again, in other cases, it is neces- 
sary to heat the amino compound with hydrochloric acid, 
in order to secure solution. 

Another factor which varies considerably is the tem- 
perature—some compounds must be diazotized as low as 
5 deg. C., while others may be safely diazotized as high 
as 40 deg. C. 

In every case, however, the solution is constantly 
stirred by means of an automatic stirrer, and the sodium 
nitrite is allowed to drop at such a rate that is used up 
very quickly. The latter is, of course, ascertained by 
removing a drop of the solution and testing it with 
starch-iodide paper. 


THE LUNGE METHOD 

The ordinary procedure in use for the analysis of 
aqueous solutions of sodium nitrite is based upon the 
method of Lunge. His method consists in adding a 
definite volume of sodium nitrite solution to an excess 
of KMn0O, solution, which has been acidified with sul- 
phuric acid. Sufficient time is allowed for all the nitrite 
to be oxidized to nitrate, then an excess of KI solution 
is added. Iodine is liberated and the latter is titrated 
with sodium thiosulphate, starch being added as indi- 
cator. 

There is no question as to the accuracy of Lunge’s 
method. However, in the diazotization of aromatic 
amines, there is a constant source of error, due to the 
fact that free nitrous acid must be present before an 
end point is reached. Furthermore, if the sodium 
nitrite solution.had been standardized against an aro- 
matic amine of definite purity, the end point in stand- 
ardization would contain the same error as is met in 
the diazotization of unknowns, and the two sources of 
error, being practically the same, would tend to neutral- 
ize each other. The chief source of trouble in applying 
this method has been in securing an aromatic amine of 
definite purity. Paranitraniline serves excellently for 
this purpose, since it can easily be secured in pure form 
as long yellow needles, of correct melting point, and 
which I have found by a number of methods to analyze 
100 per cent. 


*Baldwin Fellow, University of Cincinnati; formerly Chemist, 


the Ault & Wiborg Co 
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PARANITRANILINE METHOD 


In standardizing an M/1 solution of sodium nitrite, 
the following procedure is recommended: Dissolve 70 g. 
of sodium nitrite per liter of distilled water. This will 
give approximately an M/1 solution. Weigh out 3.4517 
g. of paranitraniline, wash into a 600-c.c. beaker, add 
10 c.c. cone. HCl, and 100 c.c. water. Heat to effect 
solution, then add ice and water until temperature is 
approximately 15 deg. C., and volume of liquid about 
390 ¢c.c. Start automatic stirrer, and add sodium nitrite 
solution, drop by drop, from a burette. If solution is 
exactly M1, just 25.0 ¢.c. of NaNO, will be required. 
When 22 or 23 c.c. of solution’ has been 
test the solution very often for excess 
nitrous acid. It is to do this by removing 
drop by means of a glass rod and applying it to a piece 
of starch-iodide paper. When excess nitrous acid is 
indicated, shut off burette, and test frequently again for 
several minutes in order to be sure that permanent end 
point has been reached. Run two other samples of 
paranitraniline in the same manner, and use the aver- 
age of the last two results. 

25.0 
No. of c.c. NaNO, used 

This method has been tested quite thoroughly and 

has been found quite accurate for the purpose. It is 


quicker and more convenient than Lunge’s method. 
Washington, D. C. 


used, it is 
necessary to 


best one 


Cor. Fac. for M/1 Solution. 





Peanuts and Peanut Oil Exports From China 

Large quantities of peanuts and peanut oil are pro- 
duced in the province of Shantung, China, and shipped 
abroad and to other parts of China. Customs returns 
show the exportation of the following from Chefoo and 


Tsingtao to foreign countries and various parts of 
China: 
CHEFOO PRODUCTION IN PICULS 
1914 1915 1916 1917 1918 
Peanuts 170,757 243,692 143,557 126,729 78,219 
Peanut oil 98 6,834 2 692 » 102 », 326 
TSINGTAO PRODUCTION IN) PICULS 
Unshelled Peanuts Shelled Peanut 
1909 336,635 214,000 
1916 668,991 
1911 797,058 109,858 
1912 829,419 230,987 
1913 1,044,000 147,103 
1914 964,676 75,573 
1915 101,986 57,903 
1916 533,001 234.541 
1917 410,869 248.387 


During the European war, higher freight rates and 
scarcity of ships caused a decrease in acreage devoted 
to the cultivation of peanuts, with a corresponding 
shortage in production and falling off of exports. With 
the restoration of peace, however, exports have been 
increasing, 

The prices of peanuts and peanut oil are subject to 
considerable fluctuation. In the spring of 1913, peanuts 
were quoted at $8.70 (Mexican) per picul at Tsingtao, 
but just prior to the outbreak of war in 1914 the price 
fluctuated between $5.50 and $8. At present, however, 
the price is fluctuating between $4.80 and $9.80. 

Peanut oil was quoted at $9.90 per picul at Tsingtao 
in 1914, but it rose to $19.50 in January, 1918, owing 
to the keen demand for the oil, 

Peanuts and peanut oil are produced in all parts of 
China, but peanuts produced in Shantung province are 
well known for their superior quality and are in active 
demand in both Europe and America. 
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Indigo and Vegetable Extract Dye Compound.—In- 
digo paste combines with about eight times its weight 
of freshly prepared vegetable extract (such as log- 
wood, quebrat ho or cutch) to forma compound which 
is readily soluble in solution or alizarine oil. 
This solution dyes yarn or cloth a reddish brown which 
is developed to the characteristic indigo blue by after- 
treatment with iron, 


soap 


copper or nickel salts, prefer- 
ably a solution of copper oxide in ammonium carbon- 
ate. Unlike ordinary reduced indigo liquor, the blue 
color does not develop upon exposure to the atmos- 
phere. JOHN W. FRIES, of Winston-Salem, N. C., has 
found that oxidized vegetable extract may be reduced 
by veast fermentation so that it vields as good results 
as the freshly prepared extract. The compound may 
be marketed in powder or paste form. For use it is 
simply (1,341,- 


Orn. 
O45 


dissolved in 
June 1, 1920.) 


1 per cent soap solution. 


luse. 
made by 


Detonating 
ordinarily 


Detonating fuse or cordeau is 
filling a metallic (usually lead) 
in. diameter with molten trinitrotoluene. 
When the TNT has solidified the diameter of the pipe is 
reduced by passing through a series of rolls. TNT 
the most satisfactory cordeau, but unless the 
TNT is very pure, the cordeau deteriorates with age. 
WILLARD C. Copr, of Woodbury, N. J., has found that 
the addition of tetry] (2.4.6-trinitrophenyl-methyl-ni- 
tramine) increases the velocity of detonation of the 
cordeau and also prevents deterioration so that an in- 
ferior grade of TNT may be used. The proportion of 
tetryl may from 2 to 75 per cent. (1,341,705; 


assigned to E. I. du Pont de Nemours & Co.: June 1, 
1920 ) 


pipe of, say, | 


makes 


vary 


Caustic Mixtures.—Owing to the necessity of ship- 
ping caustic soda in airtight iron drums, JOHN ARM- 
STRONG, of London, England, proposes to ship a mix- 
ture of dry slaked lime and sodium carbonate, which 
will give a solution of sodium hydroxide when stirred 
with water, calcium carbonate’ being precipitated. 
The mixture is permanent in reasonably dry air and 
may be put up in paper containers. (1,342,148; one- 
half assigned to Patent Corporation, Ltd., of Liver- 
pool; June 1, 1920.) 


Sulphuric Acid Chambers of Acid-Proof Masonry.— 
The sulphuric chambers generate 
large amounts of heat which in lead chambers must 
be dissipated by radiation. 
tv of the 


reactions in acid 


Since the radiating capac- 
chamber is practically a fixed quantity, a 
rather definite limit of production is set beyond which 


the chambers fail to function properly. It has long 


heen recognized that the reaction velocity in the 
hamber process could be increased by a vigorous 

xing of the gases, causing them to impinge upon 
irfaces wet with acid. However, forms of construc- 
tion hitherto proposed have involved the use of lead 
o that increased construction and maintenance costs 
overbalanced the advantages due to increased reaction 
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velocity. ELDON L. LARISON, of Anaconda, Mont., con- 
structs the chamber of acid-proof masonry. The heat 
of reaction is removed by continuous circulation of 
sulphuric acid over the tower packing. The concen- 
tration of the acid is so regulated as to avoid the 
absorption of material quantities of nitrogen com- 
pounds. By employing for every 2 lb. S in the form 
of SO, an amount of nitrogen compound equivalent 
to from 1 to 2 lb. NaNO, it has been found that the 
usual chamber reactions are accelerated about thir- 
teen times. In lead chambers the ratio is 4 lbs. to 1 lb. 
NaNO, equivalent. (1,342,024; June 1, 1920.) 


Process of Treating Copper-Bearing Sands.—In the 
leaching of copper-bearing sands with solutions con- 
taining ammonia, difficulty has been encountered in 
removing the occluded or adsorbed ammonia from the 
leached material. The loss of solvent has been a 
source of and a cause of low recovery of 
copper. The ammonia cannot be completely removed 
by washing with water. A better recovery may be 
obtained by passing steam through the bed of leached 
sands and condensing the effluent vapors. The latter 
method is expensive and entails the use of heavy 
apparatus to withstand pressure and the apparatus 
must be made tight to avoid loss. 

C. H. BENEDICT and H. C. KENNY of Lake Linden, 
Mich., avoid the drawbacks attendant with the use of 
steam under pressure by admitting the steam at 
atmospheric pressure above the bed of sand and caus- 
ing it to flow downwardly through the bed by main- 
taining a partial vacuum beneath the bed. There is 
some condensation of the steam; this is withdrawn 
and used as a wash in the treatment of fresh batches 
of sand. The application of steam is continued with 
the condensation of effluent vapors until the ammonia 
content in the condensate falls to a predetermined 
minimum. The application of steam is then discon- 
tinued and hot water distributed uniformly over the 
upper surface of the bed, the .partial vacuum being 
maintained. The water vaporizes at the diminished 
pressure as it percolates through the heated sand and 
the resulting steam entrains the last recoverable trace 
of adsorbed ammonia. The utilization of the residual 
heat in the sand avoids the heat losses which obtain 
where highly heated sands are run directly to waste. 
(1,335,474; March 30, 1920.) 


expense 


Process of Recovering Cobalt.—The process con- 
sists in roasting the ore in the presence of sulphuri: 
acid, extracting the soluble sulphates with water, pre- 
cipitating the impurities, such as iron, arsenic and 
copper, with calcium carbonate, removing the precipi- 
tate by filtration, precipitating the cobalt in the fil- 
trate with lime in amount sufficient to form a basic 
insoluble sulphate. The cobalt is recavered by elec- 
trolysis, of a sulphuric acid solution, with insoluble 
anodes, the electrolyte being maintained at less than 
1 per cent acidity by neutralizing the liberated sul- 
phuric acid with the basic sulphate obtained as 
described. In case copper is not completely precipi- 
tated when the solution is treated with calcium car- 
bonate, it may be separated from solution by precipi- 
tation on cobalt or removed in a special cell using low 
voltage. Nickel if present will follow the cobalt 
through the various steps of the process and, if de- 
sirable, can be separated by any of the usual methods 

1,336,765; MARVIN J. Upy of Kokomo, Ind.; assigned 


to Haynes Stellite Co.; April 13, 1920.) 
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British Patents 


Complete specifications of any British patent may be obtained 
by remitting 25« to the Superintendent British Patent office 
Southampton Buildings, Chancery Lane, London, England. 


Antimony Pigments.—An antimony pigment suit- 
able for vulcanization is produced by decomposing a 
mixture of an antimony salt with alkali waste liquor by 
means of an excess of sulphuric or hydrochloric acid. 
Any proportion of the alkali waste liquor may be 
replaced by the product obtained by boiling lime with 
sulphur. (Br. Pat. 138,1837—1919. E. F. Morris, 
Roby, near Liverpool, March 31, 1920.) 


Synthetic Tanning Products.—Formaldehyde con- 
densation products are obtained by condensing 
formaldehyde (or substances yielding it) with mix- 
tures of naphthylamine sulphonic acids and aromatic 
monohydroxy compounds containing acid salt-forming 
groups, at 60 to 80 deg. C., in the presence of a little 
sulphuric acid. The resulting solutions may be used 
directly for tanning, after neutralizing by alkali the 
free sulphuric acid present. Products of increased 
tanning value are obtained by neutralizing the free 
sulphuric acid in the solutions by hydroxides of metals 
whose salts have tanning properties, as chromium, 
aluminum or iron, with or without neutralizing the 
sulpho groups by alkali. (Br. Pat. 138,796—1919. A. 
G. BLOXAM, DURAND & HUGUENIN, Basel, Switzerland, 
April 14, 1920.) 


Cellulose for Paper Making.—lIn the preparation of 
cellulose for paper making from fibrous plants such as 
maize, alfalfa, dwarf palm, papyrus, etc., the stalks 
and leaves are cut up, crushed and washed, and then 
treated by steam at 2 to 3 kg. pressure for one hour in 
a digester, condensation water being drained away and 
taking with it parenchymatous cellulose and soluble 
matters such as gums and pectates. The cellulose 
fibers swell up and the cement is partly dissolved. The 
drain cock is then closed and 13 per cent caustic soda 
is introduced and circulated by a Koerting injector, 
or by using a digester of the vomiting type, or other 
means, the operation being conducted for 3 hr. at 2 to 
3 kg. pressure. The product is washed, broken in a 
beating engine or small mill, and bleached, and may 
be used for half-pulp paper, such as packing paper. 
Semi-chemical pulp may be obtained by substituting 
slaked fat lime for the caustic soda, and, by partial 
bleaching of the half pulp so produced, a pulp suit- 
able for newspaper is obtained. Alkali materials may 
be recovered by evaporation and re-causticized by the 
methods usually employed in soda pulp mills. (Br. Pat. 
158,911—1919. Soc. ANON. A. OLIER, Clermont-Fer- 
rand, France, April 21, 1920.) 

Phenol-Aldehyde Condensation Products.—Soluble 
condensation products are first obtained from phenols 
and aldehydes by heating with catalysts such as sodium 
salicylate or ammonium sulphocyanide, and are then 
converted into insoluble products by heating with 
catalysts such as sodium cyanide or ammonium chloride. 
An example is given of the treatment of phenol and 
formaldehyde. The products may be used in the manu- 
facture of varnishes, enamels, plastic compositions, in- 
sulating materials, combs, phonograph disks and cyl- 
inders, etc. They may be mixed with cellulose esters, 
sugars, albumens, triacetin, tartaric esters, eugenol, 
camphor, coloring matters, etc. (Br. Pat. 139,147— 
1919. L. JALOUSTRE, Z. KHEIFETZ and M. WARCHAVSKY, 
Paris, April 21, 1920.) 
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Oxvaldehydes.—Oxyaldehydes and their ethers are 
produced by the interaction of a phenol or its ether, 
formaldehyde, and a nitroso compound. The prepara 
tion of vanillin by treating guaiacol and formaldehyde 


with p-nitrosodimethylaniline is described. Anisol 
aldehyde, pyrocatechin aldehyde and salicylic aldehyde 
are also referred to. (Br. Pat. 139,153—1919. A. 


WeEIss, Lyons, France, April 21, 1920.) 

Sulphur Dioxide From Slag.—Sulphur dioxide sutfi- 
ciently concentrated for the production of a sulphuric 
acid is obtained by oxidizing the sulphides in liquid 
blast-furnace slag by passing a limited amount of air 
or oxygenated air over or through the slag, or both, 
or by adding an oxidizing agent such as calcium or 
magnesium sulphate to the slag, or by both adding 
such an agent and treating with air. The oxidizing 
agent may be pre-heated and may be used in molten 
condition. For this purpose, calcium sulphate may be 
fused with a small proportion of a flux such as sodium 
chloride or calcium fluoride. The treatment of the 
slag is such as not to cause solidification. For instance, 
the air may be blown through the slag, and the hot air 
arising therefrom may be passed over the slag as it 
runs along a covered channel in counter-current. The 
liberation of the sulphur dioxide may be facilitated by 
stirring or by blowing in heated air, but the quantity 
of air should not in any case be such as to yield a 
product containing less than 4 per cent of sulphur 
dioxide by volume. The slag may be treated in a slag- 
pan provided with a hood, dip-pipe and gas outlet, or 
in one of several covered slag sumps disposed in the 
slag run. The treated slag is suitable for the manu- 
facture of slag cement, slag wool, etc. (Br. Pat. 159,- 
172 and 139,173-—1919. L. H. DIEHL, Berlin, April 21, 
1920. ) 


Cellulose Acetates.—Cellulose acetate is formed by 
adding a halogen, such as chlorine or bromine, to a 
mixture of cellulose, acetic acid and acetic anhydride. 
A halogen acetic acid is formed and acts in its nascent 
state as a condensing agent. When the action is com- 
pleted (after about 2 hr. at 70 deg. C.), further esteri- 
fication is brought about by the addition of a strong 
acid such as sulphuric or chlorsulphonic acid. The 
solution may be used for directly making films, artifi- 
cial silk, horsehair, etc., or the ester may be precipi- 
tated. The halogen has also a hydrolytic action upon 
the cellulose and this action may be varied by varying 
the temperature (up to 80 deg. C.), the amount of 
halogen or the length of time of the action. A further 
hydrolysis may be effected by adding dilute acetic or 
other acid, formaldehyde or hydrogen peroxide. Esters 
are obtained which yield solutions of low viscosity in 
acetone, chloroform, or in mixtures of acetone and 
alcohol, or of acetone, alcohol and benzol. (Br. Pat. 
139,232. J. O. ZDANOWITCH, London, April 28, 1920.) 

Chlorination and Sulphonation.—The sulphonation 
or chlorination of aromatic compounds, such as benzene, 
toluene or phenol, is effected by atomizing the aro- 
matic compound and sulphuric acid or liquid chlorine into 
a chamber, from which the mixture passes to a sec 
ond chamber provided with heating or cooling coils; 
the product is drawn off from the lowest chamber 
The production of benzene monosulphonic acid and 
chlorbenzene is described. In the case of chlorinatio 
the second chamber contains a catalyst, such as alumi 
num chloride or ferric chloride. (Br. Pat. 140,007 
1919. H. N. Morris, Manchester, May 5, 1920. 
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Hearing on Minerals Separation-Miami Crown-Willamette Installs New Sulphurous 
Contempt Proceedings Acid System 

\t Wilmington, Del.. on June 15, a motion to dismiss The Crown-Willamette Paper Co., operating large 

petition of Minerals Separation, Ltd., seeking to mills at Camas, Wash., and West Lynn, Ore., and also, 

h Miami Copper Co. for contempt of court, was under the name of Pacific Mills, Ltd., another mill at 

. Phe petition also asked an extention of injunc- Ocean Falls, B. C., has installed the Jennsen tower 

to cover the present operations of that compan system for the production of sulphurous acid at the 

he M company held that such a petition for Camas plant. This is the first use of the new system 

tempt and extension of injunction was not warranted in paper mills on the Pacific Coast. The feature of 

he fact It took the ground that such action, un- the Jennsen system consists of high concrete towers 

der the circumstances, was not the proper procedure. which are filled with raw limestone, calcined dolomite 

Such action by the court before the Miami company’s eing used in this case. Through this rock sulphur 

witnesses had also testified before the Master, it was Oxide is passed in solution. Under the older and 

claimed, would be unfair to the defendant, since the ™®°r® expensive process, bubbles of sulphur dioxide 

processes enumerated in the petition were the very Were passed through a vat containing milk of iime. 

; ones to which so large a part of the testimony al- Efficiency and economy of operation and a greater uni- 

ready given before the Master veferved. Jeadee Meer formity of product are advantages of the Jennsen 

quin’s decision in the Butte & Superior contempt pro- system. If the new process proves up to expectations, 


ceedings (CHEM. & MET. ENG., June 16, 1920, pp. 1099 
and 1131) was cited, Miami claiming its case analagous. 

Minerals Separation eventually admitted that Miami 
hould have an opportunity to cross-examine Minerals 
Separation witnesses. Much of the arguments of Min- 
erals Separation counsel was devoted to emphasizing the 
violence of agitation in various steps of Miami process. 
Miami counsel, however, made their contention strictly 
one of procedure. | 





Miami Petition to Reopen Case Denied 
The United States Circuit Court of Appeals of Phil- 
adelphia declined to the Minerals 
Separation, Ltd., vs. the Miami Copper Co. on petition 


nas reopen case of 


of the latter to admit newly discovered evidence. The 
order of the court in this matter was filed June 18. 
W hile declines to reopen the case, the court states 
that it expresses no opinion as to the relevancy and com- 


petency ot 


the subject matter of the Miami petition on 


questions arising in the accounting before the Master. 





Large Pulp and Paper Combination Formed 

\ big combination of pulp and paper manufacturers 
formed by the merger of the 
Montreal and the Edwards, the 
Bronson, and the Gilmour & Hughson companies of Ot- 
taw: This merger, which is a $60,000,000 affair, will 
control greater pulp wood and timber limits than an, 
other single management in the Dominion. 

control 12,000 square miles of timber lands in 
e Ulttawa 


‘ 
) 


Canada has been 


Riordon company of 


It will 


t} River Valley, containing about 
.200,900,000 ft. of standing pins 
in addition to water facilities for gen- 
150,000 hp. 


25,000,000 
cords of pulp wood, 
and other woods, 
erating The tract is said to be the largest 
known remaining source of pulp wood and pine in Can- 
ada. The pulp and paper output of the new corporation 
as estimated will be 150,000 tons, while 125,000,000 ft. 
ol pine will also be cut 





it will be installed in all three plants operated by the 
company. 

Another innovation recently inaugurated by the 
Crown-Willamette Paper Co. is the bringing of sul- 
phur by water instead of by rail from the Gulf of 
Mexico to Portland, Ore., for distribution to the two 
plants near that city. The sulphur, as well as the 
lime rock, is handled entirely in bulk. The rock is to 
be brought from Puget Sound to Portland by a fleet 
of sea-going barges. 

This same paper company has just purchased 17,500 
acres of timber land in Necanicum County, Ore., which 
cruises a total of 650,000,000 ft. of standing timber. 
Spruce and hemlock comprise 88 per cent of this tim- 
The supply is sufficient to keep the mills running 
for twenty years. 


ber. 





Committee Urges Development of Alaska’s 
Pulp Wood 

In a special report to the Secretary of the Interior 
the Alaska Advisory Committee urges that an intensive 
campaign be made for the development of Alaska pulp 
The committee is charged with the duty of 
searching out ways to better conditions in Alaska and 
particularly to stimulate industries so as to provide 
tonnage for the new Alaska railroad. 

The committee points out that an ultimate possible 
annual production of 2,000,000 cords of pulp wood may 
be obtained from Alaska timber and recommends that 
the Government launch an intensive campaign for its 
development. Attention is called to the fact that the 
water-power resources of Alaska can be used to ad- 
vantage in this development. 

The report declares that 60 per cent of the population 
of the territory in the past has been directly or indirectly 
employed by the gold mining industry. To the decline 
in gold mining is laid the principal blame for Alaska’s 
joss in population and the discouragement of her resi- 
Thus the maximum prosperity of the territory 


wood. 


dents. 


must await a revival of gold mining. 
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Water-Power Bill Signed by the President 


After twelve years of consideration, Congress at last 
has adopted a water-power policy and has prescribed 
exact conditions under which the nation’s white coal 
may be used. The final step, so far as Congress is con- 
cerned, was taken May 28 when the Senate, by a vote 
of 45 to 21, approved the conference report on the water- 
power bill. The bill was signed by the President prior 
to June 11 under a formal opinion by the Attorney- 
General that the adjournment of Congress does not de- 
prive him of the ten days allowed by the Constitution 
for the favorable consideration of a measure. 

While much of the delay in securing this legislation 
has been due to the difficulty of determining in advance 
a policy in a matter which has so many ramifications and 
intricacies, the main conflict has been between those who 
were emphasizing what they conceived to be necessary 
in the public protection, as against those who were 
struggling to secure a law of sufficient liberality to 
attract capital. In the enactment of some of the so- 
called conservation measures, the conservation idea was 
so emphasized that capital could not be interested, with 
resultant stifling of development. 


BELIEVED CAPITAL WILL BE ATTRACTED 


The water-power bill, just signed, contains many 
restrictions, but it is believed that capital can be 
attracted to water-power development under its pro- 
visions. It is realized that modifications are certain to 
be made in the light of experience, and capital appar- 
ently is hopeful that it will have an opportunity to make 
a fair rate of return on investment. On the other hand, 
in conservation circles, the opinion seems to prevail that 
the bill is unnecessarily liberal and that the last of the 
great national resources is being disposed of without 
proper protection of the interests of the general public. 


MucH POWER GONE TO WASTE 


During the long wrangle over the water-power policy, 
it is admitted that the country has suffered very large 
losses through allowing water power to go to waste. 
Senator Wesley L. Jones, of Washington, the chairman 
of the Senate Committee on Commerce, under whose 
jurisdiction the bill comes, estimates that the delay in 
fixing fair and reasonable terms for the use of water 
power resulted in the United States being found at 
the beginning of the World War with 5,000,000 hp. of 
developed hydro-electric energy, instead of 20,000,000 
hp. which it should have had. Caught in the pinch of 
war, Senator Jones points out, the nation was soon short 
of coal, short of oil and short of power. Half a billion 
dollars had to be expended within two years in the 
erection of steam power plants, just at a time when the 
capital, labor and material were most needed for other 
purposes in the prosecution of the war. 

Estimates as to the potential water power in the 
United States vary greatly, but the calculations of the 
United States Geological Survey place the minimum 
potential water power of the country at about 35,000,000 
hp. and the assumed maximum at something over 65,- 
00,000 hp. This estimate does not take into considera- 
tion the increases in horsepower which it will be possible 
to obtain by providing for storage of water. 


COMMISSION TO ADMINISTER THE ACT 


The act is to be administered by a Federal Power 
Commission which is to be composed of the Secretaries 
of War. Interior and Agriculture. The direct adminis- 
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tration of the law, however, falls upon an executive 
secretary. The commission is charged with forty-five 
specific functions or duties. It has administrative con- 
trol over all power sites on the navigable waters and 
on the public lands and reservations of the United 
States. It is to have to do with the location, design, 
construction, maintenance and operation of power proj- 
ects upon such sites. Under certain conditions it must 
regulate financial operations and fix rates for service, to 
say nothing of making physical valuations of properties. 
In addition, the commission is charged with general 
investigations covering a wide field. 


SPECIFIC FUNCTIONS OF THE COMMISSION 


Among the specific functions of the commission are 
the following: 


To issue licenses for power projects and transmis- 
sion lines on navigable waters, public lands and reser- 
vations of the United States. 

To investigate and approve all contracts for power 
made by a licensee which will extend beyond the termi- 
nation of the license. 

To prescribe rules for, and to fix annual license 
charges and to determine the relation of such charges 
to prices to consumers. 

To hold hearings when desirable or necessary in con- 
nection with any application for a permit or license. 

To see that projects are best adapted to a compre- 
hensive scheme of improvement and utilization. 

To require that project works be properly maintained 
and kept in efficient operating condition. 

To keep in touch with conditions of the power market 
tributary to every development in order to require ex- 
tensions as rapidly as conditions warrant. 

To prescribe a system of accounting for licenses. 

To prescribe rules for the establishment and main 
tenance of depreciation reserves. 

To devise principles for the proper apportionment of 
surplus earnings to amortization reserves. 

To regulate under certain conditions the amount and 
character of securities which may be issued for the 
financing of power projects. 

To make valuation of all projects brought under li- 
cense which have been constructed in whole or in part, 
prior to the application for license. 

To determine the net investment and severance dam- 
ages in the event that properties of the licensee are 
taken over by the United States at the termination of 
a licensed period. 


COMMISSION ALSO TO COLLECT DATA 


in addition, the Commission is charged with the col- 
lection and reporting of data concerning: 

The utilization of the water-power resources of any 
region to. be developed. 

The water-power industry and its relation to other 
industries and to interstate and foreign commerce. 

The location, capacity, development costs and relation 
to water-power sites. 

Whether the power from Government dams can be 
used advantageously by the United States for its public 
purposes and what is the fair value of such power. 

To determine whether lands of the United States 
reserved as power sites may be open to entry subject 
to a reservation of the power rights of the United 
States. 

Deterioration of structures and equipment for the 
purpose of establishing rates of depreciation and the 
amount of annual depreciation reserves. 


SPECIAL INVESTIGATIONS TO BE MADE 


In addition there are a number of special investiga- 
tions which the Commission must make. One of these 
is to estimate the cost and economic value of generating 
hydro-electric power at Great Falls, on the Potomae 
River, near Washington. The opening up of the na- 
tion’s water powers is expected to be of special stimulus 
to the chemical industry. 
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New Jersey Chemical Society Holds Meeting 

at Rutgers College 

The June meeting of the New Jersey Chemical So- 
tiety was held at Rutgers College, New Brunswick, by 
invitation of the Chemical Department, on the afternoon 
and evening of June 5, and, in spite of the heavy rain, 
a fair number of out of town members were present. 
The storm prevented inspection of the college farm, as 
well as the buildings and grounds, as had been planned, 
and the afternoon session was devoted to the series 
of motion pictures contributed by the Goodyear Tire 
& Rubber Co. of Akron, Ohio. 

These showed the entire history, from the collection 
of the rubber latex, on the company’s plantations in 
Sumatra, through each step in the manufacture, to 
the final inspection of automobile tires. It was an 
exhibit of the greatest educational value and intensely 
interesting. 

After dinner had been served in the college dining 
hall, the evening meeting was begun by an address 
by Dr. Jacob G. Lipman on the uses of sulphur in 
agriculture. After showing that the sulphur required 
by some crops was not present in some soils, Dr. 
Lipman described his own discovery of oxidizing bac- 
teria on sulphur and finely ground phosphate rock in 
table manure, which makes both the sulphur and phos- 
pnoric at id available. 

A lecture was given by Dr. D. A. Lyon, of the 
Bureau of Mines, Washington, D. C. on the hydro- 
metallurgy of copper illustrated by motion pictures of 
the extensive leaching and electro-deposition works at 
\jo, Ariz. The processes employed have been so per- 
fected that less than 2 per cent of copper makes the 
ore worth working, and the pictures gave a clear pre- 
entation of the operation of the project. 





\wards Recommended by Minerals Relief 
Commission 
\ total of $1,238,451.12 has been recommended by 
the War Minerals Relief Commission for awards to 
laimants who produced chrome, manganese, tungsten 


d pyrites in response to the Government’s war-time 
request or demand. This represents 32.6 per cent of 
he amount asked by the claimants. The total claimed 

the cases in which these awards were made was 
$3,798,756.09. These figures include all claims in which 
recommendations have been made up to and including 
the week ended June 12. 





Results of Government Nitrate Sales 

Not more than 100 tons of the Government’s nitrate 
of soda has been sold under the special statute enacted 
shortly before the close of the last session of Congress. 
he act authorized the sale of 100,000 tons of the Gov- 
ernment’s reserve of nitrate. 

The nitrate is being offered at $88.90 a ton. At many 
points regular dealers in nitrate are making sales at 
lower figures It is believed, however, at the War 
Department that the law at least had the effect of 
stabilizing the nitrate market. 

All orders that have been placed are for ton lots. 
It is believed by Major J. H. Hunter, the officer in 
charge of the distribution, that the volume of buying 
will increase decidedly as the fact becomes more widely 
known that the War Department is conducting this sale 
of the material. At several of the points where the 
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nitrate is in storage the Government price is lower 
than the price in the open market. It is not anticipated, 
however, that more than 20,000 tons will be sold under 
the act, which expires Oct. 20. 

It is admitted that a larger volume of the nitrate 
would have been sold had it become available earlier in 
the year, but owing to the late season it could have been 
utilized to practically the same advantage had it been 
purchased when first available. For that reason some 
are of the opinion that the scarcity of nitrate is nothing 
like as great as was represented in Congress. 





Procter & Gamble to Build Soap Plant in California 

An option on about thirty acres of land in the San 
Francisco Bay district has been taken by representa- 
tives of the Procter & Gamble Co. upon which to build 
a new soap plant. At the beginning about 500 will be 
employed, but it is expected that double that number 
will be required shortly. 


————— 
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ELMER D. BALL, of the Iowa Agricultural College, has 
been appointed Assistant Secretary of Agriculture. For 
more than twenty years Mr. Ball has been engaged in 
investigation and research on agricultural problems or 
teaching in agricultural colleges. 

WALTER M. Berry, chemist in charge of the gas engi- 
neering section of the Bureau of Standards, has just started 
on a trip through the far West in connection with the 
3ureau work on gas quality standards and the activities of 
state public service commissions. 

EDWARD CALDWELL, treasurer of McGraw-Hill Co., Ine., 
and treasurer and director of the McGraw-Hill Book Co., 
was tendered a dinner by his business associates in com- 
memoration of his thirty years of service with these com- 
panies. Mr. Caldwell’s first connection with technical 
journalism was as assistant editor of Electrical World in 
June, 1890. Among other activities he developed the book 
department of the McGraw Publishing Co. and was later 
instrumental in effecting the consolidation with the book 
department of the Hill Publishing Co., known as the McGraw- 
Hill Book Co. Among his early activities was that of busi- 
ness manager of Electrochemical Industry, the forerunner 
of CHEMICAL & METALLURGICAL ENGINEERING. 

EUGENE B. CLARK has been made president of the Ameri- 
can Ore Reclamation Co. and of the American Sintering Co., 
to fill the vacancy caused by the death of James Gayley. 

SIDNEY CORNELL, chemical and industrial engineer, has 
moved his office from 1 West 34th St. to 80 Maiden Lane, 
New York City. He is spending the summer at Ogunquit, 
Me. 

Dr. F. G. COTTRELL’S nomination as director of the Bureau 
of Mines was confirmed by the Senate shortly before the 
adjournment of Congress. . 

Dr. FREDERIC DANNERTH, who was retained by the C. 
Kenyon Co. of Brooklyn, N. Y., as consulting chemist, has 
recently declined the invitation to become head of the new 
laboratories. The new development department was planned 
and organized by him and this work was recently completed. 

Dr. HENRY S. DRINKER announced his retirement from the 
presidency of Lehigh University, Bethlehem, Pa., on June 
15, 1920. Dr. Drinker was graduated from Lehigh Uni- 
versity in 1871, in which year he was one of the founders 
of the American Institute of Mining Engineers. Since that 
time he has been devoted to the service of the university, 
serving as secretary of the alumni, president of the alumni, 
alumnus trustee, trustee and president. 
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HENRY B. FABER received the honorary degree of Doctor 
of Science at Emory University, Atlanta, Ga., on June 10. 
Dr. Faber is a consulting chemical engineer in New York 
City, a member of the advisory board of the Chemical 
Exposition and until recently was actively connected with 
the Industrial Filtration Co. 


EpGAR S. GENSTEIN, formerly engineer of tests, U. S. 
Naval Ordnance Plant, Charleston, W. Va., is now metal- 
lurgist for the Treadwell Engineering Co., Easton, Pa. 

E. P. MATHEWSON has been appointed consulting metal- 
lurgist to the Granby Consolidated Mining, Smelting & 
Power Co. 

STANLEY P. ROCKWELL has resigned his position as vice 
president of Weeks-Hoffman Co., Syracuse, N. Y., to become 
metallurgist at Whitney Mfg. Co., Hartford, Conn., the 
change to take place July 1, 1920. 

WILLIAM YOUNG WESTERVELT, consulting mining engineer, 
announces the removal of his office to the Fifth Avenue 
Guaranty Building, 522 Fifth Ave., New York City. 
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Oscar H. EBERT, treasurer of the Baugh & Sons Co. and 
the Baugh Chemical Co., with offices and plants at Phila 
delphia, Baltimore and Norfolk, died suddenly at his home 
n Baltimore on Wednesday, June 2, from an attack of acute 
ndigestion, which brought on heart failure. He was ill 
only one day, and his death came as a great shock to his 
many friends in the fertilizer industry. Mr. Ebert was 
fifty-eight years old, and had been connected with the 
Baugh company more than forty-one years. 

WHITFIELD P. PRESSINGER, of New York, vice president 
Chicago Pneumatic Tool Co., died June 10 as a result of 
complications following an operation. Mr. Pressinger was 
actively engaged in the pneumatic tool and allied machinery 
industry for many years. He was general manager of the 
Clayton Air Compressor Co. for seven years and became 
widely known through numerous activities in the American 
Society of Mechanical Engineers and the Compressed Air 
Society. He was born in New York City in 1871. In addi- 
tion to the foregoing societies he was a member of the 
Sons of the Revolution, 7th N. Y. Regiment Veterans, F. 
and A. M., and the following clubs of New York City: 
Engineers, Lawyers, New York Athletic, New York Rail- 
road, Columbia Yacht, and the Machinery Club. 

HENRY E. SURFACE, a chemist of national authority on 
paper and valuation work, was killed in the disastrous 
wreck Wednesday, June 9, on the N. Y. Central Railroad, at 
Schenectady, N. Y. He is survived by a widow, Mary Hub 
bard Surface, and a son, Henry, Jr. 
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The Non-Ferrous Metal Market 


New York, June 21, 1920.—A sharp drop in the London 
copper market caused a depression in this city. Large 
sellers quote 19c. for June-July deliveries, as before, but in 
outside market 17.75c. will buy spot copper, 18c. July- 
August. The tin market is a shade stronger than last week. 


Cents per Ib. 


Copper, electrolytic ; ee 18.50 
Aluminum, 98 to 99 per cent Br ei Sie 34.00 
Antimony, wholesale lots... : 8.00 
Nickel, ordinary... .. 43.10 
Nickel, electrolytic. # 00 
Tin, Straits, spot..... , 46.25 
Lead, New York, spot , 8 00 
Lead, E. St. Louis, spot...... ; 7.75 
Zine, spot, New York ae 7.873 
Zinc, spot, E. St. Louis 7.50 
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OTHER METALS 


Silver (June 17) $0 99 
Cadmium 1 40 1 50 
Bismuth, (500 Ib. lots) 2 70 3 00 
Cobalt 2 if 
Magnesium (f.o.b. Niagara Falls) b 1 60 1 85 
Platinum 7 75a 8 
Iridium 02 3001 400 
Palladium ¥2 7(va 80 
Mercury 75 II i) 


FINISHED METAL PRODUCTS Warehouse Price 
Cents per I.b 


Copper sheets, hot rolled 33.50 
Copper bottoms 38 00 
Copper rods 38 000 40 00 
High brass wire and sheets 30 25 
High brass rods 25.00 
Low brass wire and sheets 28 50 
Low brass rods 29 00 
Brazed brass tubing 43 25 
Brazed bronze tubing 41.75 
Seamless copper tubing 34.00 
Seamless high brass tubing 33.00 
SCRAP METALS Cents pe. Lb 
Buying Price 
Aluminum, cast scrap 24 00@ 24 50 
Aluminum, sheet scrap 24 00.24 50 
Copper, heavy machinery comp 15.00@0 15.50 
Copper, heavy and wire 14.25@ 14.75 
Copper, light and bottoms ? 50H 13 00 
Copper, heavy cut and crucible 15.00@15. 50 
Brass, heavy > 0010.00 
Brass, light 7.50@ 8.00 
No. | clean brass turnings 9. 25@ 9.75 
No. | comp. turnings 13 00@ 13.50 
Lead, tea 5 00m 5.50 
Lead, heavy 7.00 7.25 
Zine, scrap . 5.00@ 5.25 


The Iron and Steel Market 
Pittsburgh, Jun IS, 1920 

The course of the iron and steel markets has been quite 
uneventful in the past week. Buying of pig iron continues 
at a minimum, although there are occasional transactions. 
In steel there is free buying from the Steel Corporation, but 
limited business on the part of the independents, the ex 
planation of the divergence being of course the wide diffe) 
ence in prices. 

There is absolutely no snap in the market. Buyers take 
hold for only absolutely known requirements. They seem 
quite indisposed to consider any business except what it is 
certain they must place, and show signs of being on the 
lookout for a good opportunity to relax their efforts and 
await a more convenient season for activity. Almost 
throughout the industries there is a growing feeling that it 
is altogether too difficult to do business, costs being so high 
and performance on all hands so indifferent. Many observ 
ers insist the country needs “the rest cure” and will not be 
able to do good work until this corrective influence to the 
present ills has been applied. There is even, perhaps, a 
disposition on the part of some producers to apply the 
remedy, possibly in homeeopathic doses, in the not distant 
future. : 


TRANSPORTATION CONDITIONS IMPROVING SLOWLY 


Transportation conditions continue to improve, but very 
slowly indeed. Early in the week there was a backset in the 
matter of car supplies to some mills, due to the inaugura 
tion of the lake ore and lake coal pools, but this is only 
temporary, it is claimed, incident to starting the new sys 
tem, which is expected to result in better service in moving 
coal to Lake Erie and bringing ore back, in proportion to the 
number of cars in the service. 

In occasional instances steel mills are now shipping as 
much steel as they produce, but the general average is not 
as favorable as that, and outside the tin-plate industry 
there has been no noticeable reduction in the stocks of steel 
accumulated at any of the mills. 

In tin plate excellent results have followed the preference 
accorded to box car supplies to tin mills, at the instance 
of the Interstate Commerce Commission. The _ tin-plate 
stocks at mills, fully 2,500,000 boxes, equal to the produc 
tion of about one billion 2-lb. cans, or about one-seventh of 
the normal requirements of the fruit and vegetable packers, 
have been reduced to about 1,500,000 boxes, and the current 
make, at between two-thirds and three-fourths of capacity, 
has been shipped besides. 

Production continues to increase by both blast furnaces 
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teel works, and this despite the continued shortage of 
both coke. The rates of production in both pig 
iron and steel are now nearly if not altogether up to the 
rates of last March, the highest since October, 1918, about 
10,000,000 tons a year in pig iron and 45,000,000 tons in 
steel ingots. 

Prices in general show no material change. Pig iron 

firmly maintained by the furnaces, which experience no 
difficulty in securing full prices for such prompt deliveries 
as are called for, while there is little inquiry for second 
half to tempt price concessions even if sellers were so dis- 
There are reports of a few consumers requesting 
postponements in deliveries, perhaps a reaction from the 
the furnaces are able to make as car 


and 


coal and 


posed. 


heavier shipments 
supplies improve. 

Prompt deliveries of steel products continue to show a 
declining tendency, but prompt deliveries have at no time 
comprised any large part of the turnover. The larger in- 
dependent mills, able to make shipments in from two to four 
months, are firm in their price views, and naturally so since 
the business on books needs to be protected. It is recog- 
nized that in the easier general conditions that now obtain 
requests for postponements or cancellations are a possibility. 
As to the Steel Corporation, it pursues the even tenor of its 
way, with its Industrial Board prices, far below the prices 
of independents, tonnages being allotted from time to time 
to regular customers for shipment in the indefinite future, 
and following the shipment of tonnage already on books. 


LABOR CONTEST IN PROSPECT 


The uninteresting perennial, the sheet and tin plate wage 
scale settlement between the Amalgamated Association and 
the sheet and tin mills, about 40 per cent of the total num- 
which sign tonnage wage scales annually with the 
association, has this year developed news, and a contest of 
such proportions as circumstances would permit is in pros- 
pect. The men had their usual demands for wage advances, 
and repeated the demand of a year ago for a 6-hr. instead of 
the thoroughly established 8-hr. shift, and from these 
demands there would probably have been the usual complete 
or nearly complete recession, but an entirely novel demand 
was made, that there should be inserted in the “preamble” 
to the scale a proviso that the manufacturers signing the 
scale book—the various tonnage wage scales, for iron mills, 
sheet and jobbing mills and tin mills are all printed in the 
one book—should thereby agree to allow the Amalgamated 
Association a free hand in organizing any other depart- 
ments the various companies might have. This novel demand 
seems to have resulted from expectations on the part of the 
Amalgamated Association officials that the American Federa- 
tion of Labor might undertake seriously to organize the iron 
and steel industry, and a feeling that the Amalgamated Asso- 
ciation, while small now, is the “logical” body for doing any 
organizing if there is organizing going to be done. The 
manufacturers, of course, could not agree, and when it was 
proposed, at last Monday’s session of the conference at 
Atlantic City, that an adjournment be had to the last week 
in June, the existing scales expiring June 30, the workers 
rejoined that if there were going to be an adjournment it 
would be to the first week in September, as the workmen 
desired a vacation and the manufacturers seemed to need 
time for reflection. Adjournment thereupon occurred 
promptly. Approximately 60 per cent of the sheet and tin 
mills, about a thousand all told, are non-union, including 
all those of the Steel Corporation, about 40 per cent of the 
total. The prospect is that the Amalgamated Association 
will be eliminated. Except in the sheet, tin plate and iron 
mill industries it has not been a factor since the Homestead 
strike of 1892. 

The Chemical and Allied Industrial Markets 
New York, June 18, 1920. 
Developments in the chemical market during the past 


week have been few, with a slight falling off in demand 
as the most noticeable feature. As has been the case for 


ber 


some time back, more attention is displayed in locating 
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certain of the more active items than in the actual price 
that is being asked. Among the acids which have been 
generally scarce for some time fair-sized offerings of 
sulphuric, 60 deg., at $14@$19 per ton, in tank cars, have 
been made, and there is also 1,200 tons of 66-deg. available 
for prompt shipment from Nitro, W. Va., quoted at $23@$26 
per ton, sellers’ tanks. Acetic acid, glacial, is easier with 
$16.50 per ewt. as the prevailing quotation on a quantity 
of three carloads of this material. Muriatic is well sus- 
tained at $3.50 per cwt. as the average quotation, while, 
on the other hand, producers are finding it difficult to meet 
their contracts for oxalic, crystals, for which as high as 
65c. per lb. is being asked, but owing to the small stocks 
on hand it is difficult to determine whether this is an actual 
sale price or a nominal quotation. It is reported that there 
is a considerable supply of anhydrous ammonia in Phila- 
delphia, but owing to the scarcity of cylinders the pro- 
ducers have been unable to make deliveries. This material 
is being offered, to those who can furnish cylinders, at 
35@45c. per lb. for prompt shipment. The present scarcity 
of barium chloride, brought about by two causes, first the 
switching of many users from blanc fire to this item during 
the war and secondly the destruction of the plant belong- 
ing to the largest factor in this market, has placed it in 
a nominal position. There is no immediate relief in sight 
and $150@$180 per ton will continue as the listing for 
some time. The formaldehyde situation seems to be some- 
what easier and although production is nowhere near nor- 
mal, because of the short supplies of alcohol, nevertheless 
an offering of a 50-bbl. lot at 52c. was heard during the 
week. 
COAL-TAR PRODUCTS 

This market is reported on the decline, but as yet no 
evidence in price changes can be observed. Now that the 
break is supposed to have occurred, buyers are anxiously 
waiting to see how far prices will drop. The export busi- 
ness is in as bad condition as it has ever been previously, 
the war excepted, and with Japan not only out of the 
buying position but offering resale material below the 
domestic market, the present waiting position of the buyer 
seems to be justified. Against this, however, there is the 
shortage of crude materials and poor transportation facili- 
ties to weigh before definitely deciding a big slump is 
due. Alpha naphthylamine dropped to 55@60c., against 
65@70c. of the previous week, but even at the new level 
there has been very little activity. With the principal pro- 
ducer completely sold up on naphthalene, there is very 
little material to be had of any grade except in small resale 
lots, which are commanding 17@18c. for flake and 16@17c. 
for balls. Paradichlorbenzol came down slightly and is 
now listed at $1.50@$1.55 per Ib., against $1.65 previously 
quoted. 


WAXES 


Interest in this market continues to center on the paraf- 
fine grades, which have come up throughout the list. No 
contracts for large quantities are being placed and the 
prices quoted are those prevailing on the small resale lots 
which are jumping around the trade. 


MISCELLANEOUS MATERIALS 

Barytes, quoted f.o.b. Kings Creek, advanced approxi- 
mately $2 a ton on both the ground white and off-color 
product, moving upward from $20@$22 and $16@$18 
respectively as per last week’s quotation to $22@$25 and 
$18@$20. Feldspar, ground, in car lots, f.o.b. Baltimore, 
showed an advance from $18 to $22 per gross ton. 

Inquiries for graphite, especially the 90 per cent grade 
of flake, at prices ranging from 84c. to 9c. per lb., f.o.b. 
Ashland, Ala., continue strong. It is reported that during 
the week a shipment of one 60,000-lb. car of 85 per cent 
guaranteed carbon, Alabama flake, was shipped at llc. 
delivered. Accumulated stocks are being cleaned up rapidly 
through the heavy demand for both the lubricating and 
the 90 per cent crucible grades, and indications are that 
prices will show a rise if the domestic material continues 
in use. 
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General Chemicals Carlots Less Carlole 
CURRENT WHOLESALE PRICES IN NEW YORK MARKET P )tassium chlorate, crystals... .. . Ib. $0.15 -$0. 1 (0.2 
s . Potassium hydroxide (caustic potash) ik R 9 3] 
; Carlots Less Carlots Potassium iodide. yy 3 ‘ 4 
Acetic anhydride caine : $0.65 $0.75 Potassium nitrate... obi ER na ale | | 17 19 
abd . - ts > Ce eeeeseegns , I 7] 7 ) ? 
Acetone . iin Ib. $0.15 $° 20 21 22 P tassium permanganate, ee Ik 75 Rt) a - +. 
Acid, acetic, 28 per cent ew 3 50 3.75 4 00 4 50 Potassium prussiate, red sintisies 4 ‘ 
Acetic, 56 per cent a ewt 6 00 7 50 8 00 » 00 Potassium pris sinte vellow. ; : "ty : oe 1 
cetic. glaci ge ye ont ‘ . & 6 ft C 7 ¢ , Crees t é >6 > 4¢ 
Aceti » Blac il, 99} per cent. -arboy ewt 15.50 -1 0 16.50 17 0 *otassium sulphate (powdered) ton$225. | 240 00 , ; 
Boric, crystals : lb 15 15} 15 16} Rochelle salts (see sodium potas. tartrate) 
Boric, powder Ib 15 15} i5 16 Salar . : hk 
. . 2 immoniac (see ar miun chloride) 
Citric Ib. 1.05 12 1.17 1.18 Sal soda (see sodium carbonate) 
Hydrochloric (nominal) cwt 2 00 3 00 3.50 - 4 00 Salt cake , re " 6 ; , q 
Hydrofluoric, 52 per cent lt 13 14 14 15 Silver cyanide (nominal ; ; . oo. 0 2. O bs 
Lactic, 44 per cent t } lb 11 113 12 l¢ Sil eel = 1.25 
: 3 - 6 ilver nitrate (nominal) oz 4 4 
Lactic, 22 per cent tech Ib 04 05 06 07 Soda ash. lisht i601 d oi 
Molybdie, C. P Ib. 4.00 - 4.50 4.50 5.00 Soda ash, dense 100 It ae oe 
Muriatic, 20 deg. (see hydrochloric). Sodium acetate . : \ . ~s 4 1? 
Nitric, 40 deg Ib 06 ] 07} 08! : wef re ; 44 , 
Nitric, 42 deg. ih. 07 gi Oh Sateen ona ~~ eee o 
Oxalic, eryst: Ib 55 j 60 - 65 "fo mera ae ea a b.  -.30- _. 33 4 ; 
Phosphorie, ¢ ‘tho, 50 per cent solution .Ib 14- .23 24 - 25 s = e bi ui _ + se ~ ) ton 7. Of 8.00 - 10.00 
Picric ib 28 - 35 40 - 0 Sodit 7 wate (b ~ aa : It vs vl U4 I 
ot rate (borax ; ' 
Pyre wallic, resublimed Ib 2.25 - 2.55 2.60 - 2.65 Sodium eee cobs yas Nader 1001} oi : I I. 
Sulphuric, 60 deg., tank cars ton 14.00 -19.00 Sodium chlorate , ; 1} ' 1 , | , 7 iW 
Sulphuric, 60 deg., drums ton Sodir ©. 96-98 : : v L 
Sulphuric, 66 deg., tank cars ton 23.00 -24.00 25.00 26 00 Ss — flu ne ee ] : ; - 27 
Sulphuric, 66 deg., drums ton 35 00 -40.00 45.00 50.00 Sodium hydroxide (caustic soda) 1001 4 25 ) : £0 
Sulphuric, 66 deg., carboys ton 36 00 -40 00 50. 00 55.00 Sodium hy sulrhi k ‘ =e 0.00 ©. £2 ‘ 0 
; Sx yposulphite lb 3 04 
Sulphuric, fuming, 20 per cent (oleum) tan! Sodium molybdat + a . 
_ ears. . ton 27.00 —30.00 37.00 42 00 Sodium nitrate 1091} 3 r+ ey : +4, 
Sulphurie, fuming, 20 per cent (oleum) Sodium nitrite , , r 4 4.00 
drums... ton 28.00 -30 00 8. 00 42.00 Sodi ne 19 19 eV) 21 
3 »lium peroxide, powdered lt 32 ) 35 ( 
Sulphuric, fuming, 20 per cent (oleum) Sodium phosphate, dibas 1} 2 ; 40 
carboys ton 32.00 -35 00 40.0 Sod? PRrosy » dibasic { 04 4 05 
Tannic, U. 8. P Ib. 1.45- 150 1.55- 1.60 sodium potassium tartrate (Rochelle salts) It 39 40 
T, iy } . ih, , + + Sodium prussiate, vellow 23 27 | 37 
2 annic (tech.) ei : 4. 0 Sodium silice ate, solution (40 dk Pa I Ol! il ) Oa 
Tartaric, crystals vey Ib £0 85 : =r: . ‘ ‘ we Meh 
pS i. Sodium silicate, solution (60 deg ) | 0.4 { 04 c 
lungstic, per lb. of WO eee ° tb : 12 - Sodium sulphate, erystals (Gleuber It) ] 60- 1 7 17 ) i 
: ; a 4 > | ' er’ssalt cut ) 4 2 5 
Alcohol, Ethyl (nominal) , , gal. 5.10 - 5.50 6. am Sodiumsulphide, erystal, 60-62percent(conc)!I 09 10 10 +1 
Alcohol, Methyl, 95 an gal - 2. 5( 2 70 Sodium sulphite, ervst I ’ 1} ( , s 
. > » - 5 ss ak dnd ws M94 { 0 
\lcohol, Methyl, pure gal 3.51 n+ Strontium nitrate, powdered 1} 17 18 19 20 
Alcohol, denatured, 188 proof (nominal). . gal 7 1.10 1 15 Sulphur chloride * . 
Alcohol, denatured, 190 proof (nominal). . gal - 1.05 1 10 Sulphur, crude i ae r+ 06 
Alum, ammonia lump....... Ib 04} . 05. 054 06 Sulphur dioxide, liquid, evlinders lb 09 10 . 
Alum, potash lump ; Ib 07} 08 09 09 9 12 
" z 2 =Sulphur (sublimed), flour 100 II 35 3.40 
Alum, chrome lump Ib 153 18 19 20 Sulphur, roll (brimstone) 100 1 3 20 ; 
Aluminum sulphate, commercial (nominal) Ib 02 - 03 03 04 Tin bichloride (stannous) / 1} 471 3. 30 3. 40 
Aluminum sulphate, iron free Ib 03}- 04 04} 04) Tt. woke i 46 50 
t { 6 
Aqua ammonia, 26 deg., drums (750 Ib.).. .Ib 07} 103 a 12 Zine carbonate, precipitate i} 16 1 19 > 
Ammonia, anhydrous, cylinders (100-150 1b)lb.  .32 - 35 35 - 40 Zine chloride, gran i 2 , 4 4 
Ammonium carbonate, powder Ib 16 - 16} 7 174 Sine cvanite. ‘ Ms a 13) 13 17 
Ammonium chloride, granular (white salam- Zinc dust " 1? v 00 
moniac) (nominal) . Ib. .16 - 16} 17 - 18 Fine rep +, 13 15 
Line oxide, U.S. 1 I 18 19 20 ] 
Ammonium chloride, granular (gray salam- Zinc sulphate , . é 
moniac) . Ib. 12}- .134 13) 4 a I 034 03; 04 06 
Ammonium nitrate Ib 08} 09} 10 i Pp 
Ammonium sulphate Ib 07 - 074 08} lai ana Coal- “Tar } roducts 
Amvlacetate gal 5 00 4 i oOloOWw Ng prices are rorigimaip es in laree quant itie 
Amylacetate tech gal 475- 525 Alpha naphthol, crude 1.40 $1.50 
Arsenic, oxide, lumps (white arsenic) Ik 15}- 16 16'- 17 Alpha naphthol, refined 1 «0 1.70 
Arsenic, sulphide, powdered (red arsenic)... lt 20 - 21 22 - 23 Alpha naphthylamine 5 60 
Barium chloride. ton150.00-160 00 170 00- 200.00 Aniline oil, drums extra.... 35 40 
Barium dioxide (peroxide) Ib 21 - 23 24- 25 Aniline salts eo }I 40 50 
Barium nitrate Ib 09}- 1 tt - .12 Anthracine, 80% in drums (100 Ib.).... 1 90 1 00 
Barium sulphate (precip.) (blane fixe) Ib 04) 05 054 06 Benzaldehyde (f.f.c.) ‘awe . I 2.00 2.10 
Bleaching powder (see calcium hypochlorite) . Benzidine, base . It 1.35 1.40 
Blue vitriol (see copper sulphate) ; - Benzidine, sulphate I 1.15 1.25 
Borax (see sodium borate) - ; vememreeh acid, U.S r ive 1 Y 100 
Brimstone (see sulphur, roll) ieennwekwus 5a - senzoate of sodi 1, U.S.P I x 90 
Bromine ASA Ee | ee Ib. 70 90 1.00- 1.05 Benzol, pure, wate euhiie » in drums (100 1))) gal 27 40 
Ce CU ic ccavnceeceisens ..ewt. 3.50 - 3.55 Benzol, 90%, in drums (100 Ib.) yul 25 31 
Calcium carbide : Ba a _ Ib 04'- 04) 043 05} Be nzyl chloride, 95-97%, refined ; iT 36 40 
* alcium chloride, fused, lump...... ton 23.00 -25.00 30 00 40.00 Benzyl chloride, tech " 25 35 
‘aleium chloride, granulated... ° Ib O14 O01 02 023 Beta naphthol benzoate (nominal) I 3 50 4.00 
‘aleium hypochlorite(bleaching powder r).cewt. 400 - 4 25 4 50 6.50 Beta naphthol, sublimed (nominal). .. ) 80 90 
Calcium peroxide z Ib - 1.50 1.70 Beta naphthol, tech (nominal) 1} 65 85 
Calcium phosphate, monobasic Ib 75 80 Beta nz phthylamine, sublimed T 2 25 2 40 
Calcium sulphate, pure Ib. - 25 - 30 Cresol, U.S. P., in drums (100 Ib.) An 18 19 
Carbon bisulphide cae 08 - 09 10 - i Ortho-c resol, in drums (100 Ib) rT 3 25 
Carbon tetrachloride, drums é Ib 11 - 11} 12 - 154 Cresyliec acid, 97-99%, straw color, in drums gal 1.10 1 20 
Carbony! chloride (phosgene) Ib. . - 80 1.05 Cresylic ac id, 95-97%, dark, in drums gal 1.00 105 } 
Caustic potash (see potassium hydroxide) - - Cresylic acid, 50%, first quality, drums yal 65 75 | 
Caustic soda (see sodium hydroxide) : - Dichlorbenzol Ty OR 10 
Chlorine, gas, liquid-cylinders (100 "b.) Ib 09 - 09! 10 - 10} Diethylaniline en ‘ 1 5 
£ 1 + 2 : coe i 50 1. 60 
Chloroform Ib. 30 - 35 36 - 38 Dimethylaniline si Ma Sh Behe Sk Se ati : It 1.35 1.55 | 
Cobalt oxide Ib 2.00 2.05 Dinitrobenzol. .. Kees Saleen : I 20) $7 
Copperas (see iron sulphs ate)... rer otk : Dinitroclorbensol,............... eee i} 30 35 
Copper carbonate, green prec 08 ee ae < 28 29 31 <n og Kigvenie mews I 45 55 
Copper cyanide... ; . Sauce - 65 70 Jinitrophenol. . . I 40 45 
Copper sulphate, crystals. Ib 08 - .09 09 094 Dinitrotoluol. ... i} 40 45 
Cream of tartar (see potassium bitartrate).. . Dip oil, 25%, tar acids, car lots, in drums yal 38 4c 
Epsom salt (see magnesium sulphate) : ; Diphe snylamine (nominal) . en cguan ends iT 80 
t } 85 
Ethyl Acetate Com, 85% al. 1.35 - 1.40 H-acid (nominal). ieee < Wb 2.25 2 50 
Ethy Acetate pure (acetic ether 98% to gl -. 175 Metaphenylenediamine. eae manos Ib 1.15 1 30 
Formaldehyde, 40 per cent (nominal) Ib 36- 40 .57 - .65 Monochlorbenzol............ une Ib 18 20 
Fusel oil, ref : gal. . ~ 5.25 - 6.00 - »ynoethylaniline Ae Ib 2.00 2 40 
Fusel oil, crude (nominal)... gal. . ..° Naphthaline crushed, in bbls. (250 )Ib).. a Ib 17 
Glauber’s salt (see sodium : sulphate). ete aties -, ; Naphthaline, flake..... ee Ib 17 18 
Glycerine SPAS te ORCS cn -. 26}- 284 Naphthaline, balls......................4. . Ib 16 18 
Iodine, resublimed................000005 Ib. 4.30 - 4.35 4.40- 4.45 Naphthionic acid, crude.................. ; Ib 75 85 
Fe 1a = aa a al a gaa Rar Rta Ib. . Poets 03 - . 20 a ee ieee a ae a goo .. Ib 14 19 
Iron sulphate OE ETE ewt. - > 2.90 - 3.10 bs sath-on, tor umepepaeee ERE E EE Ee Ib 40 50 
Lead acetate, normal................+-./  satcas Pecan 13§- 16 Nitro-toluol RED SEIS Ib 18 25 
Lead arsenate (paste).................-- Ib. ll - 1 13 - 17 I as ceeceveeethevves ne I 3.25 4.25 
LOR GURU, CUPUREED. 00. ccc ccccnsccees Pr - whe 90 - 1.00 Qutie-GIOMEOTDOROOE... oo occ cnc eccccccccnce Ib 15 20 
ESE Oe re eee Ib. 14 - 15 154 . 16 Ortho-nitro-phenol. ............cccceeee: : Ib 80) 1 25 
Lithium carbonate. .............cce. . Ib. ; - 1.50 - Ortho-nitro-toluol Dei ehGnaiG, Oth ail Gra tanatiebinrn'e wk aie Ib 25 40 | 
Magnesium carbonate, technical......... lb. .12- .14 15 - 16 CO SU ooo cakecsscrccscenccsvenss ; Ib 35 45 
Magnesium sulphate, U.S.P.......... 100Ib. 3.00 - 3.55 4.00 - 4.50 Para-amidophenol, base.................+.- ; Ib 2.50 3 00 
Magnesium — ¢ commercial Reicks Ss cecnewMens 3.25- 3.60 Para-amidophenol, A ee eae ; Ib 2.50 , 00 
Nickel salt, double. . Tea vekenne. « WA ane Saati 14 - 16 PPP INNS oso occ sc sccceeseeveceses Ib 08 12 
Nickel salt, 0 EERE Pere err Ib. pai . 16 - 18 Paranitraniline ‘ iis arabe aibilinadaaa ind tie Ib 1.50 1 55 
Phosgene (see carbonyl chloride)... ..... | nae eget , Para-nitro-toluol. . _ veeeeseconere Ib 135 — 1 50 
UN gg oS iw dees eee eee Ib. 50 - 55 . 60 65 Paraphenylenediamine................ceeees. Ib. 2.60 — i | 
F pheny! 3 00 
Phosphorus, yellow............2.eseeee0: Ib. . - 35 - 37 a Ib. 2.00 — » 50 
Potassium bichromate..............-.++: Ib, .35- .37 45- .46 Phth 7 oR lea maid 6a cn Ib 65 - 75 
Potassium bitartrate (cream of Tartar)... . Ib. 52- .56 57 58 Phenol, U.S. P., drums (dest.), (240 1b)... ... Ib 12 
20 
Potassium bromide, granular SREP ee .80 - 85 90 - 95 Prodia BAA gal 2.00 3.50 
Potassium carbonate, U. aaa eae Ib. oe oe 85 - 88 Resorcin, technical es Ib 4.25 4 50 
Potassium an aie. ae ee: —— = «ae 26 - 28 Resorcin, pure Ib 6.3 « 6.75 
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Miscellaneous Materials 


All f. 0. b. New York Unless Otherwise Stated 


Barytes, ground, white, f.o.b. Kings Creek, S.C. net ton $22 
Barvtes, ground, off color, f.o.b Kings Creek net ton 18 


Barvtes, crude, 88. 94% ba., Kings Creek net tor 8 
Barytes l, white, f.o.b. Cartersville, Ga net ton 23 
Baryte id, off-color, f.o.b. Cartersville net tor 16 
Barvtes, « , BB°LM 94 ba., Cartersville net tor 12 
Blane fix lt 
Bla fixe, pulp net ton 60 
Case It 
Chalk, dome extra riit Ib 
Chalk, domes light Ib 
('} ilk, d nes ! i Ib 
Chalk, Englis extra t lt 
Chal Englis ht lb 
valk, English, dens lt 
Chi lav (Kaolin) erude f.o.-b. Virginia point net tor 8 
China clay (Kaolin) ground, f.o.b. Virginia point ret tor 15 
‘nina clay (Kaolin) mported, lump net tor 25 
ina ( lin), imported, powdered net ton 30 
Fellapir (nominal) fob. N. Y. Stat net ton 16.0 
Feldspar | b. Maryland and Nor 
Carn ywnts not ’ 7 
Feld r, ground, f.o.b. Balt re net t 22 
nar, er 1. f.o.». North Carolina netto 16 
| er's earth, granular, f.o.b. Fla ret t 25 
I r’s ear powder f.o.b. Fla et tor 18 
q ; nowdered net tor 35 
Crranhite lust pol grade 30°) Ashland " | 
ranhite (dust f rade 50°) ‘sh ; 4 } 
ranhite, ecru ile, 80 irbon ‘Ashland 1 t 
man ite, crucible 0 cart \shland i i 
Ciranhite ructh 85 rh ! 
Granl crucible, 88 rl 
(-;raphite rucible, 90 irb 
unl rT . 1 ry rte ; 
Pu " lomesti 
QOuar id tower) f head, fob. Ba r t 
Quar reid ver) | 2 fob. Baltimor 
Quart wid ver) 1 b. Paltimore 1 
(Juart imp, f.ob Carolina ett ? 
Siclias, orar nominr | 49 
Shella ) ‘ I ¢ ! 1 
Sholla \. ¢ l 
Shellac. T.N It | 
soinst 15 
Tale, paper-1 gg f Vern t te 9 
Fale, roofing \ t t & 
! rubbet ke Ver nt t ) 
| powder ~ f < te 12 
tu m powd { ( f t 20 
importe t 60 
Refractories 
WwW f.o.b. Works 
Chrome brick, 9 in, straights and sizes net tor $80-90 at Balt 
(‘hro br n t 75-80 at Che 
ror r net tor 45-50 at Che 
iy brick, | juality fireclay scecdneee 45-50 at Ch 
f 21 li y eS 40-45 at Cl 
Fire clay, f Baltimore ; net ton 5—7 
Na t burt ! t 50 sat Ch 
Ma ) 4° <2? net ton 85 90 at Che 
\I esite br 9 j tra‘ght net tor 9at B 
g I ) and s 
rgert 7) Regular « 
~ 1 »0 t 
~ brick. 9 ) , 1,000 55, Cl 





Ferro- Alloys 
All Prices f o b. Works 


Ferroe-carbonetitanium, 15-18%, f.o.! Niagara 


Falls, N.Y net ton $200. Of 
Ferro-chror per Ib. of Cr. contained, 6-8 

irbon Ib 
Ferr rot per | Cr ntained, 46 

earbor lt 
Ferro-mat 79-80; Mi gross tor 200 
Ss leisen, Veé ¥ I gross tor 72 
' bd of Mo I 2 

silicon, 10-19 gross tor 60 

t silicon, 5 co 5 gross tor &0 
Ferro-sil n, 75 gross tor 150 
Ferro-tungsten, 70 -80°, per lb. of contained W Ib 
Ferro-uranium, 35-50°° of U, per Ib. of U content Ib 7 
Ferro-v inad i! 40-408 per lb ot yntained \ Ib 6 


Ores and Semi-finished Products 
All Prices f. o. b. Mines 


Chrome ore, 40%, min., C,, O, f.o.b. Atlantic 

Seaboard unit $0 
Coke, foundry, f.o.b. ovens net ton 16 
Coke, furnace, f.0.b. ovens net ton 15 
Petroleum coke, refinery, Atlantic seaboard net ton 
Fluor spar, gravel, f.o.b. mines net ton 2 
Fluor spar, lump, f.o.b.Tonuco, New Mexico net ton 1 


Manganese 
Manganese ore, chemical (MaO,) grosston 7 
Molybden ite, 


, 45 Mn and over unit 


85% Mos per Ib. 4f MoS, lb 


2" 


Tungsten, Scheelite, 60°, WO, and over, per unit 


of WO, unit 7 
Tungsten, Wolframite, 60% WO, and over, per 

init of WO, unit 6 
Uranium oxide, 96° per Ib. contained U3 Os Ib 2 
Vanadium pentoxide, 9% Ib 12 
Vanadium Ore per lb. of V contained Ib. 1 
Pyrites, foreign, lump, per unit of S contained. . unit 
Pyrites, foreign, fine, per unit of S contained unit 
Pyrites, domestic, fine, per unit of S contained unit 
Iimenite, 52°, TiOe, per Ib. ore Ib. 
Rutile, 95°, TiOe per Ib. ore lb 


Carnotite, n 


inimum 2% U,Og, per lb. of U,O, Ib 


nN 


Zircon, washed, iron free......... Ib 
Monazite, per unit of ThO, Mines heen an unit 42 
*Nominal 
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. 
. ‘ Maryland 
Construction and 
e BALTIMORE The LaMotte Chemical 
Operation Products Co., 13 West Saratoga St., plans 
to construct two 1-story laboratories The 
company is in the market for earthenware, 
‘ali . filters, crystallization vats, vacuum pumps, 
California laboratory and general equipment. im 
~TEGE—tThe Stauffer Chemical Co. is laMotte, pres. and mgt ° 
! lding i modern sulphuric acid plant BALTIMORE The Prest-O-Lit« Co., 
he The plant will have a daily capacity Ir 30 East 42nd St... New York City. 
10 tons of concentrated acid Estimated will soon award the contract for a 1-story, 
$1,000,000 2J5x50-ft. acetylene plant in connection with 
the S proposed icetvlene buildings here 
Colorado Estimated cost, $75,000 
tE SR ‘kK s & » rede ( ‘o ity 
OHNSTOW N—The Great Western Suga! I REDERI K Che Frederick Count 
é >1.3 6 : - : School Comrs. have iwarded the contract 
( Sugar Bldg., Denver, has purchased > o 4 . 
aed . —e for the construction of a 2-story high school 
ite here and is having plans prepared : nn , . > : 
, aa _. iddition, to L. C. Culler, Knights of Pythias 
f construction of a factory on same Bide Pl - lud } 1 lal . 
KE ted cost, $2,000,000. 1d in Include 1 cnemica iboratory, 
= 4 machine shop, etc. 
. ° SPARROW’'S POINT (Baltimore P. O.) 
Connecticut The Bethlehem Steel Corp. plans to in- 
SEW LONDON The ae States ‘rease its unit here New blast furnace 
Electric co. 108 State "st —“o ‘en will be installed and the capacity of | the 
t contract for the construction of a 75x ogee Fr ee oe will be Gowsted by 
i1-f foundry for the manufacture of aa eCIOM OF 62 MUUS eugene . UPace, 
lectr riveter and heater, at 21 Trumbull yee 
St to A. T. Jackson & Co., 108 State St 
Estimated cost, $50,000 Massachusetts 
(ARDNER The Amer Fibre Corp. | 
Idaho iwarded the contract for the constructior 
( a 2 of Trystees for . of a 1-stor fiber manufacturing plant or 
EROME—The Bd f rust | for th Coleman fi.. to M.S Briasul. at $75.00 
Independent School Dist 33, will soon 
wil he contract for the construction of : : 
cl Chemical and physical lab Michigan 
‘ ll be installed in same Oliver 
H k BAY CITry The Wildman Rubber Co 
Look Bldg., Detroit, is having plans pre- 
H ce pared for the construction of a 1- ind 
Illinois 3-story rubber manufacturing building. E 
ASHLAND School Dist. 212 has awarded timated cost, $2,000,000 Osborn Eng. Co 
} contract for the construction of a 1 2848 Prospect Ave Cleveland, O., archt 
story, 105x180-ft. high school, to C. H ind engi 
Schenk, 2068 South oth St. Springfield GRAND RAPIDS—The Oliver Machine: 
$119,000. Experimental laboratory equip- (‘o., 1025 Coldbrook St., N. E., will build 
ill be installed in same l-storv foundry addition on Coldbrook St 
\IONTICELLO—The Bd. Educ is hav Foundry equipment will be installed ir 
plar prepared for the construction of ! Estimated cost, $50,000 Work will 
tory, 110x192-ft. high school here be done by day labor 
\ ll chemical laboratory will be in- z 
talled in same Estimated cost, $200,000 New Jersev 
‘ Llewellyn, 38 South Dearborn St ” 
9 ircht NEWARK—Max Hertz, 68 Oliver St 
“aie ~enee ont ‘ ha rded the contract for the construc 
WAGGONER Che Community Higl - poe led 4 ‘ > 
Sohe l Bad pl ins to construct a high S¢ hool tior ot . 1 story factor) addition for th 
te : . . manufacture of leather at 74 Oliver St., to 
‘ \ small chemical laboratory will be : ao . , 4 ~ 
installed in same Estimated cost, $60,000 y. W Ferguson Co if nited Bank Bldg... 
I N. Coleman, 6257 St. Laurence St., Chi | Crawr estimate COS, FaruN 
‘ reht TRENTON The Bergounan Rubber 
Corp., East State St., is in the market for 
same $60,000 worth of machinery for plant now 
Indiana being constructed Herbert Coleman, pres 
SHELBYVILLE—tThe stockholders of the TRENTON—The John E. Thropp Sons 
Citizens Gas Co. have voted in favor of Co Fair St.. has iwarded the contract 
t construction of an artificial gas plant for the construction of a 1-story, 150x160- 
ft. foundry on Fair St., to the Austin Co., 
: Bulletin Bldg., Philadelphia, Pa Estimated 
lowa cost, $36,000 
DES MOINES—The Des Moines Fadry. & : 
Machine Co., 314 Flynn Bldg., has awarded New York 
t] contract for the construction of a : 
l-story, 130x220-ft. foundry and machine BROOKLYN Henry Holder, archt, and 
hop or 16th St and Wabash Ave., to engr., 242 Franklin Ave., plans to construct 
| I). Chase, Inc 17 Battery Pl., New York a 1-story, 109x250-ft. foundry Estimated 
‘ Estimated cost, $350,000 cost, $250,000 Owner’s name withheld 
BUFFALO—The Jacob Dold Packing Co 
¢ — 745 William St., had plans prepared for 
Kansas the construction of a tank house and a 
NORTON—The city has awarded the fertilizer building. Estimated cost, $250,006 
contract for the construction of an addition TONAWANDA—The Bd. of Pub. Works 
to the sewage tre atment plant, powerhouse, has commissioned Chester & Fleming, 
iam, ete., to Green & Rickey. consult. engrs., Union Bank Bldg., Pitts- 
S burgh, Pa., to make a report on the sewer- 
Kentucky age and sewage disposal systems for the 
” city. 
STURGIS—The Bd. Educ. has awarded 
contract for the construction of a high Ohio 
school here, to J. N. Boston & Son, Marion, ‘ ae i = : ‘ 
K\ 4 chemical laboratory will be in- RAVENNA The Natl Furnace Stove 
stulled in same Estimated cost, $45,000. Co. is having plans prepared for the con 
struction of a 1-story, 80x220-ft. office and 









Maine 


BIDDEFORD—The Saco-Lowell Shop, 77 
Franklin St.. Boston, has awarded the con- 
tract for the construction of a_ 1-story, 
160x200-ft foundry, to the Aberthaw 
‘onstr Co.. 27 School St., Boston, at 


‘ -~t 
250,000, 


= 


foundry 
M 
Ave., 


BLATRSVILLE 


Hospital 


building. 
slinsman, mgr 
Cleveland, archt. and engr. 


for 


Estimated cost, $125,000 
D. C. Smith, 4500 Euclid 


Pennsylvania 


the 


The Western State 
Insane plans to construct 
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t sewage disposal plat \ } pit 
buildings et« it ‘I ran nea 
PHILADELPHIA—Th Surpa Leathe 
Co., 9th and Westmoreland St plat t 
build a 1l1-stor bOx50-ft facto iddition 
on 19th and Ontario St esti ted t 
S10.000 
WILKES BARRE Th Wilk Bat 
Bertels Tin Co., Pennsylvania Ave., plar 
to build a 2-story TOx75-ft tir fact 
Estimated cost, $30,000 
South Carolina 
CAYCE—The Seminole Fertilizer & Oil 
(“o Jacksonville, Florida, ha purchase 
site here and had plans prepared for tl 
construction of a fertilizer ind mixir 
plant here Noted May 19 
J , . 
Texas 
L\LPINE—B. I! Berkeley may will 
soon ward the contract to furl ! 
material and labor including a edit nt 
tion tank, et for the onstructior f 
sewer system for the city 
Virginia 
MARTINSVILLE s G Whittle 
will receive bids until Jul LS for tl or 
truction of a 2-story hig! chool her \ 
chemical laboratory will be installed in 
am \V z; Ni ht AVinsto Sal 
N. C ircht 
RICHMOND—The Gould Fire Prever 
tion Products Co., 21 Travelers Bldg., is 
in the market for full equipment for manu 
facturing oil, lead and zine paint 
Washington 
VALLEY The Amer. Mining Productior 
C% is building a kiln, ets for the treat 
n t_of magnesite estimated $50,000 
Howard F. Wierum, eng 
Wisconsin 
APPLETON — St. Elizabeth Hospital 
plans to build a 4-story hospital \ chen 
ical laboratory will be installed ir same 
Estimated cost 500 000 Addres Fran 
ciscan Sister 
BEAVER DAM—tThe F. Kassman Mf; 
Co. plans to build a 1-stor 60x120-ft 
molding foundry addition on Main St 
CORNELI—The Cornell Wood Product 
Co. has warded ti contract for the con 
tructior of " tors $4x320-ft paper 
making plant here, to W. E. Uhle, Stever 
Point Estimated cost, $1,000,001 
PORT WASHINGTON The Turner 
Mfg. Co is having plar prepared for the 
construction of a 1-storyv foundry here 
Estimated cost, $50,000 ] I) Chase, Ine 
64 North Michigan Ave Chicago, eng 
RACINE—S. C Tohnson & Son 101 
Sixteenth St., rejected bids f the construc 
tion of {-storv 60x160-ft. warehouse and 
varnish plant Work will be readvertised 
Noted June 
WAUKESHA | _& Blair &€ sor 340 
Bway plan to build 1 tory foundry 
Wyoming 
SHOSHONI The Wyoming Chemical 
Products Co., Duluth, Minn., plans to build 
a plant including several buildings for the 
manufacture of alum and epsom salts from 
the natural deposit near Shoening Siding 
along the Chicago, Burlington & Quincey 
R.R Estimated cost, $200,000 The com 
pany i n the market for triple effect 
evaporators, drying equipment, ete W. G 
We eng 
Ontario 
BRANTFORD Ss CG Johnsor & Sor 
Racine, Wis., is having plans prepared for 
the construction of a factory to manufas 
ture floor waxes, varnishes, et 
TORONTO—The Bd. Educ., College St 
plans to construct a 8-story technical 
school including chemical laboratory equip- 
ment, et« Istimated cost, S400 0060 
Address Dr McKay Central Technical 
School, College St 
TORONTO—The Canada Creosoting Co., 
19006 Canadian Pacifi R.R Ridg., plar 
to construct a plant and is in the market 
for creosotinge cylinders, et Estimated 
cost, $150,000 
Quebec 
MONTREAI-—tThe Natl Drug Co., St 
Laurence St., will soon receive bids for the 
construction of a plant in the St. Henry 


Dist Estimated cost, $175,000 














1184 CHEMICAL AND METALLURGICAL ENGINEERING Vol. 22, No, 25 
MONTREAL rhe | | Elect | © THE Bur-Mac Corp., 1 Liberty St New 

‘ ig St., West, | w — ded the cor Industrial Notes York, has been organized as a dealer in 

et for the construction of a 2-story industrial chemicals, particularly used in 
x60-ft. factory for the manufacture of rit ELECTRIK FURNACE CONSTRUCTION textile, paper, tanning, soap and chemical 
trical goods, or Henri Julien St., to © Philadelphia, Pa., innounces that manufacturing. Swen Ringborg is presi- 

| n St. Catharine St., West, at ‘ rge P. Mills, formerly electrical sales dent, M. E. McGovern vice-president, and 





I t n Pulp & Paper ¢ Londor Great 
| tair plar to build pulp and paper 
rt ' ‘ 

HAWINIGAN FALLS The Northern 

minum Co. will oon receive bids for 

construction of n office building and 
' t } f laboratory equip- 
nf 
‘ >. >. 
Coming Meetings 
“ 
and Events 

eit AMERICAN CHEMICAL Soctretry will 

ld its fall meeting in Chicago, Sept. 7 to 
10 inclusive 

ruk AMER ELECTROPLATERS’ SOcIgeTy 
will hold it eighth annual convention in 
Rochester, June )to July 3. Headquarters 
vill be at the Seneca Hotel 

Tre \MERICAD FOUNDRYMEN’S ASSOCIA 

p will meet n Columbus Ohio, Oct 1 

nelu 

r \MEI \ riTUTE OF CHEMICAI 
| ! will hold its twelfth semi- 
innual meeting as follow June 28 and 29 
will be pent in Montreal Tune 30 in Ot 
taw July 1 in Ontario, July 2 in Shawin 
igan Fall Jul } in La Tuque, July 4 in 
Chicoutimi and July 5 in Quebe« 

THE AMERICAN INSTITUTE OF MINING AND 
METALLURGICAL ENGINEERS will hold its one 
hundred ind twenty-second meeting Aug 
) to Sept }, at Lake Superior 

itt AMERICAN PHYSICAL Society will 
hold a meeting Nov 'T at the Case School 


of Applied Science, Cleveland, and the an- 
| meeting, beginning Dex 28, at Chi- 
o, the latter being the occasion of the 
pecial quadrennial meeting of the Ameri- 


nu 


uY Association for the Advancement of 

ence and the Affiliated Societies 

rite AMERICAN SOCIETY FOR TESTING MA 
rERIALS will hold its annual meeting at the 
New Monterey Hotel, Asbury Park, N. J., 
lune 22 to 25 

rue AMERICAN STEEL TREATERS’ SOCIETY, 
Chicago, will hold its second annual con 


ention and exhibit, combined with the con- 

ention of the Steel Treating Research So- 
clety of Detroit Mich in the Coliseum 
Museum, Philadelphia, Pa., Sept. 14 to 18 
inclusive 


rue Forest Propucts LABORATORY will 
hold it lecennial celebration at Madison, 
Wi Tuls and 23, 1920 

rue INSTITUTE OF METALS DIVISION OF 

x A.I.M.E. will hold its usual joint meet- 


ne with the American Foundryvmen’s Asso- 
iation at Columbu Ohio, during the week 
beginning Oct { 


THE INSECTICIDE AND DISINFECTANT MAN- 
FACTURERS’ ASSOCIATION will hold its mid- 
summer meeting at Boston, July 15 and 16 


THe IRON AND STEEL INSTITUTE (British) 
will hold its autumn meeting at Cardiff 
by invitation of the Ironmasters and Steel 
Manufacture! of South Wales and Mon- 


mouthshirs The date of the meeting will 
be Tuesday, Sept. 21, for the assembling of 
the member it Cardiff ind the formal 
proceeding will open on the morning of 
Wednesda Sept. 2: 


Pur SIXTH NATIONAI EXPOSITION OF 
CHEMICAL INDUSTRIES will be held in the 
Grand Central Palace New York City, 
Sept 70 to 2 

THE NATIONAL FERTILIZER ASSOCIATION 


will hold its twenty-seventh annual con- 
vention at the Greenbrier, White Sulphur 


Springs, W Va the week of June 21 
THe ILLINors MINING INSTITUTE will 
meet in Chicago, June 23 to 26 


rue STeet BARREL MANUFACTURERS’ AS- 
SOCIATION will meet in Chicago, June 24 


THe SocirETY FOR THE PROMOTION oF EN 
HNEERING EpucaTtion will hold its twenty- 
eventh annual meeting June 29 to July 3, 
it the University of Michigan, Ann Arbor, 
Mict 


Tr TECH NICAI ASSOCIATION OF THE 
PuLP AND Paper INDUstry will hold its fall 
meeting at Saratoga Springs, N. ¥ Sept. 1, 

ind 


ngineer of the General Electric Co., Phila- 
elpl has joined the staff, to take charge 
f and specially develop electrical indus 
rinl heating furnaces 


Tub WESTINGHOUSE EL&cTRIC & MANU- 
ACTURING Co it the innual meeting of 
tockholders, held at East Pittsburgh, Pa., 
June 9, re-elected the following directors 
for three years: Guy E. Tripp, chairman of 
the board of directors of the Westinghouss 
Electric & Manufacturing Co., New - York 
(ity; Joseph Marsh, president of the Stand- 
rd Underground Cable Co., Pittsburgh, 


a.; H. H. Westinghouse, chairman of the 
board, Westinghouse Air Brake Co., New 
Ys Citv;: Albert H Wiggin. chairman 


of the board of the Chase National Bank 
if New York. George W. Davison, presi- 
dent of the Central Union Trust Co. of 
New York City, who was selected by the 
board of directors to succeed James N. 
Wallace, deceased, was elected by the stock- 
holders for the term expiring June, 1921. 
The election was decided by the largest 
number of votes (personal or proxy) ever 
cast in the history of the company. This 
company also announces that G. B. Rosen- 
blatt, who specializes in the commercial and 
technical activities in the West with respect 
to metal mining and smelting, coal mining 
ind oil, and electrometallurgical and elec- 
trochemical industries, has moved his 
headquarters from the Salt Lake City office 
to the San Francisco office 


HAMILTON & HANSELL, INc., of New York 
City, has moved its offices to 15-21 Park 
Row, New York City. N. V. Hansell is 
president, H. A. DeFries vice-president, and 
J. Herlenius treasurer-secretary. 


THE CHEMICAL CONSTRUCTION Co., -New 
York City, has moved its New York office 
from 30 East 42nd St. to 51 East 42nd St. 


THE MERRILL Co., San Francisco, Cal., 
innounces that it is now prepared to de- 
liver standard sizes of the Merco Nord- 
strom Plug Valve from the plant of the 
Swenson Evaporator Co. at Angola, Ind., 
which is now manufacturing these prod- 
ucts for the Merrill Co Inquiries regard- 
ing the valve and orders for the valve 
can be handled by the Chicago office, and 
Eastern consumers will save considerable 
in freight as well as in time of delivery, 
if orders are placed there 


THE RESEARCH CorP., New York City, 
has just opened up an office in Chicago 
it 76 West Monroe St H. M. Pier, at 
present commercial representative, will be 
Chicago district representative. 


WILLIAM C. REDFIELD, formerly Secre- 
tary of Commerce of the United States 
ind now president of the American-Russian 
Chamber of Commerce, spoke before the 
civic industrial committee, Chicago, re- 
cently on business conditions in Russia. 


THE INDUSTRIAL TRACK CONSTRUCTION 
Co. of St. Louis has established a branch 
office in Memphis, Tenn., headquarters in 
the Randolph Bldg This company spe- 
cializes on industrial track layouts. H. A. 
Nims is general manager. 


THE LAKEWOOD ENGINEERING Co., Cleye- 
land, O., has established branch offices in 
the Central Bank Bldg., at Memphis, Tenn. 
¢. F. MeArdle will be in charge of the 
territory 

S. F. Bowzer & Co., INc., of Fort Wayne, 
Ind., has appointed A. B. Carriger district 
manager, Falls Bldg., Memphis, Tenn. 


WILLIAM LD. Epwarps, of Chicago, has 
established a consulting engineering office 
it 116 South Front St., Memphis, Tenn. 
The mechanical features of industrial dry- 
ing and dehydrating plants in the fertilizer 
business and allied industries will be dealt 
with 


THE Lowe Bros Co., paint and varnish 
manufacturer of Dayton, Ohio, has estab- 
lished a branch sales office at Shelby and 
Nettleton Sts., Memphis, Tenn. 


Dr. Orro K. ZWINGENBERGER has moved 
his offices from 13 Park Row to 38 Park 
Row, New York City 


THE INTERNATIONAL OXYGEN Co., of 
Newark, N. J., announces that Eugene 
Schoen, general manager, has sailed for 
Europe to make an inspection of the com- 
pany’s branches in London and Paris, and 
to extend the business of the company in 
France, England, Belgium, Germany, Swit- 
zerland, Sweden and Denmark, where recon- 
struction following the war has stimulated 
the demand for oxygen and hydrogen- 
generating apparatus. 


W. R. Burrows treasurer. 


THE MERRILL Co. has retained the serv- 
ices of W. H. Campbell as auditor of the 
Chicago office Mr. Campbell was recently 
connected with the Government food ad- 
ministration. 


THE AMERICAN BLUE PRINT PAPER CO., 
‘5 Plymouth Court, Chicago, has de- 


veloped the 3aker process for making 
duplicate waterproof tracings. The lines 
of the Baker prints are photographed on 


chemically prepared surfaces tracing 
cloth, paper or other pliable material. The 
duplicate tracings are covered with water- 
proofing and the lines are actually pro- 
duced in the waterproof coating Correc- 
tions on the duplicates are made quickly 
because the lines erase very easily. This 
process is very convenient where a full 
drawing would necessarily have to be re- 
traced on account of changing just a small 
portion or detail A duplicate Baker print 
can be made having any desired portion 
left out, after which the change in details 
can be inserted, thus producing a new trac- 
ing with minimum cost 


THE WESTERN FouNpDrRY Co., Chicago, has 
purchased a 3-acre plant at the corner of 
Wentworth Ave. and 16th St., Chicago 
He‘ghts, to be used as an addition to its 
manufacturing operations. 

THE ILLINoIs Toot Co. of Chicago has 
secured a new building at the northwest 
corner of Erie and St. Claire Sts., for use 
as a general sales room, office and manu- 
facturing plant to produce a large variety 
of tools. 

THE WATERBURY Co. of New York, man- 
ufacturer and dealer in wire and manilla 
rope, has opened a Chicago branch at 609 
North LaSalle St. 

THE LAMBERTSON JAPANNING WorRKS will 
occupy a l-story building at 4919 North 
Claremont Ave., Chicago. 

THE COLOMBIAN COMMERCIAL Corp., LTD., 
Earl Harding, president, 54 Dey St.. New 
York City, has been organized to develop 
trade with Colombia from an international 
viewpoint. It offers its services to manu- 
facturers of North America in developing 
a market for merchandise in Colombia and 
importing raw materials therefrom Man- 
ufacturers interested in this country can 
secure a complimentary copy of the Colom- 
bian Review on application to the corpora- 
tion, 

THE AFFILIATION of Westinghouse, 
Church, Kerr & Co. and Dwight FP. Robin- 
son & Co., Inc., which was announced some 
time ago, is to be Known until the comple- 
tion of the merger as the Westinghouse, 
(Church, Kerr & Co., Ine. Offices have been 
moved from 37 Wall St. to 125 East 46th 
St.. New York City. 

THE EASTON CAR & CONSTRUCTION Co. 
has removed its general offices from 306 
Church St. to larger quarters in 50 Church 
St., New York City. 

THE AMERICAN METALLURGICAL CoRP., 
Philadelphia, announces the closing of a 
contract with the Thermoid Rubber Co., 
Trenton, N. J., for the installation of elec- 
tric oven equipment to take care of the 
production of a special processed product 
to be placed on the market by this com- 
pany. The installation involves a number 
of new principles specially pertaining to 
solvent recovery and automatic control of 
heat temperatures. 


THE E. I. pu PONT DE NEMOURS POWDER 
Co. has declared the regular quarterly divi- 
dend of 14 per cent on the common and 13 
per cent on the preferred stock, payable 
Aug. 2 to stock of record July 20. 


E. I. pu Pont pE NeMours & Co. declared 
quarterly dividends of 44 per cent on the 
common, payable $2 in cash and $2.50 in 
common stock and 1% per cent on deben- 
ture. Common is payable June 15 to stock 
of record of May 29 and debenture July 20 
to stock of record July 10. 


THE U. S. INDUSTRIAL ALCOHOL Co. has 
declared a dividend of $2 a share for the 
second quarter of the year 1920 on the 
common capital stock of the company, pay- 
able June 15, 1920, to stockholders of record 
June 1, 1920. 

THE UNION CARBIDE & CARBON CorP. has 
declared a quarterly dividend of $1.59 pay- 
able July 1 to stock of record June 10 
Previously it paid $1.25 quarterly. 


THE CENTRAL LEATHER Co. has declared 
a regular quarterly dividend of 13 per cent 
on the preferred stock, payable July 1 to 
stock of record June 16 
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